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DEFINITIONS
Term Definition
Bads Something on which something dseis established.
Condraint Condtraints are requirements from sources that are externd to Tank

Waste Remediation System (examples Tri- Party Agreement,
Ecology, etc.)

Enabling Assumption

Assumptions required to permit work to proceed when information is
not available (the missing information can be programmatic, technicd,
etc.)

Requirement Requirements from sources internd to Tank Waste Remediation
System (Decisions, Trade Studies, Request for Proposal, Contracts),
or derived from other requirements or congtraints.

Smplifying/ Modding Assumptions required to maintain a managesble work scope

Assumption
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LIST OF TERMS

Acronym o Meaning
Abbreviation
BBI Best-Badis Inventory
BNFL Inc. British Nuclear Fuds Ltd. Inc.--a Phase 1 private contractor
CHG CH2MHILL Hanford Group, Inc.
CLIN Contract Line Item Number
CST Contractor Support Team
DQO Data Quality Objective(s)
DST Double-Shdl Tank
Ecology Washington State Department of Ecology
ESP! Environmental Simulation Program (thermodynamic computer model)
ESW Enhanced Sludge Washing
ETF Effluent Treatment Fecility
FAE Feed Avallability Efficency
FRD Functions and Requirements Document
HLW High-Leve Waste
HTWOS Hanford Tank Waste Operation Smulator
HWVP Hanford Waste Vitrification Project
ICD Interface Control Document
IHLW Immohbilized High-Level Waste
ILAW Immobilized Low-Activity Waste
IMUST Inactive Miscellaneous Underground Storage Tank
IPT Integrated Product/Process Team
LAW Feed for the Low-Activity Waste Plant
MOQ Minimum Order Quantity
LMHC Lockheed Martin Hanford Corporation
MY PP Multi-Y ear Program Plan
NHC Numatec Hanford Corporation
NVOL Nonvoldtile Solids
ORP Office of River Protection
osb Operating Specification Document

1ESPisatrademark of OLI Systems, Inc.
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LIST OF TERMS

Acronym o Meaning
Abbreviation

OWVP Operational Waste Volume Projection

PNNL Pacific Northwest Nationa Laboratory

PPTB Privatization Process Technicd Basdine

RCRA Resour ce Conservation and Recovery Act of 1976

RFP Request for Proposal

RPP River Protection Project

SL Sdety Limit

SORWT Sort on Radioactive Waste Type

SpG Specific Gravity

SRP Savannah River Plant

SST Sngle-Shdl Tank

TBD To be determined

TEDF Treated Effluent Disposd Facility

Tri-Party Agreement Hanford Federal Facility Agreement and Consent Order

TRU Transuranic

TWRS Tank Waste Remediation System

TWRSO&UP Tank Waste Remediation System Operation and Utilization Plan

usQ Unreviewed Safety Question

WDOE Washington Department of Ecology

WHC Westinghouse Hanford Company

WRF Waste Retrievd Facility

WTD Wadte Transfer Day

wv West Valey

WVR Waste Volume Reduction
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APPENDIX A
INTEGRATED CONSTRAINTS,

REQUIREMENTS, AND ASSUMPTIONS
FOR CASE 3S6E

Al10 STRATEGY

Al.1 DOUBLE-SHELL TANK SYSTEM FUNCTIONS

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowsheet
VWP
HTWOS
DSSInventory

Text of Item: The double-shdll tank (DST) system will provide the required functions for
Phase 1 operations. These functions are necessary and sufficient for the receipt of new waste into the
systemn, waste storage, management of feed specifications, and waste feed ddlivery.

All operations to perform the system functions for privatization Phase 1 retrieva and processing
must comply with the authorization basis when they are performed. In some cases, the authorization
basis will need to be modified before the operations associated with a function are performed.

Source: System Specification for the Double-Shell Tank System, Rev. 0 (Grenard 2000).

Issue: Functions requiring modification of the authorization basis need to be identified so that
the authorization basis modifications can be devel oped and approved.

Al.2 PHASE 1B CONTRACTOR SPECIFIC DETAILS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
X OWVP
X HTWOS
X DSS Inventory

Text of Item: BNFL Inc. performance will be modeled using the privatization contract
requirements and/or RPP Key Planning Assumptions (PIO 2000).
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Source: See Table 1.3-1 for asummary of BNFL performance assumptions.

Discussion: Privatization contract requirements will be used to model the private contractor’s
timing. Process details incorporated into the HTWOS modd in conjunction with the Integrated
Flowshest task are not yet operationa. The HTWOS modd is limited on process detail at thistime.

Issue: Since details of the private contractor plans have just been made available, some
amplifying and modeling assumptions need to be made to fill in where the privatization contract, ICDs,
and U.S. Department of Energy- Office of River Protection (ORP) planning guidance do not provide
enough information to model the systlem. These assumptions will be documented in the various sections
of this appendix.

Al3 SAFETY ISSUE RESOLUTION

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowshegt

X OWVP

X HTWOS

DSS Inventory

Text of Item: Safety and adminigtrative issues concerning DST waste will be resolved in order
to permit feed staging activities to occur as planned. It is assumed that flammable gas controls will be
no more redtrictive than the flammable gas controls as set forth in Appendix E of the Tank Waste
Remediation System Basis for Interim Operation (Noorani 1998a). The limiting conditions for
operation (LCOs) and adminigtrative controls are found in the Tank Waste Remediation System
Technical Safety Requirements (Noorani 1998b).

Issue: The mgority of Envelope A feed planned to satisfy minimum order requirementsis
supplied from DSTsthat are on the Watch List. Transfer of waste out of a hydrogen/flammable gas
tank requires written gpprova by Nuclear Safety and DOE. Thisisasef-imposed requirement
contained in the Operating Specification Document (OSD). It is not required by law or by the
Authorization Basis. Transfer of waste into awatch-list tank requires written approva by the Secretary
of Energy (OSD-T-151-00030, OSD 1997), which isrequired by the Wyden Bill. Therefore, it may
be time consuming and difficult to get authorization to perform the required trandfers for providing the
feed to the private contractor.

The movement of large amounts of solids and consolidation of solidsis not covered in the
current authorization basis. This needs to be andyzed and added to the authorization basis. Possible
changes to these assumptions may resuilt.

Source: Noorani (1998a and 1998b).
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Al4 COMMON USE OF TRANSFER LINES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying/ Modeling Assumption Process Flowsheet

X OWP

X HTWOS

DSS Inventory

Text of I[tem: Theuseof atrander linefor one class of waste (high-leve waste[HLW], transuranic
[TRU] or DST supernate) does not preclude its use for a subsequent transfer involving another class of
waste.

A15 GENERATION OF SINGLE-SHELL TANK RETRIEVAL SEQUENCES

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying/ Modeling Assumption Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: Candidate sngle-shell tank (SST) retrieva sequences (and schedules) will
consder the values and measures listed in Table A-1.

Discussion: SST waste attributes that influence the generation of sequences are primarily the
potentia for reducing the probability of future groundwater contamination, saltcake versus dudge
content of each tank, total dudge volume for an individud tank, totd retrieved waste volume for an
individud tank, inventory of glass limiting components, and listing on the SST Watch Lig.
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Table A-1. SST Retrievad Measures Vaue Tree.
Top-levd vdue Vdue Measure
Safety Residua Wagte Quarntity of waste remaining
Ealy retrievd to | Resdud Waste Quantity of wasgte remaining
reduce long-
lived, mobile
radionuclides
Schedule Tri-Party Cumulative SST Retrieva Plot
Agreement SST Retrieval Completion Variance
Milestones HLW Process Completion Variance
LAW Process Completion Variance
Keep Plants Cumulative throughput of LAW Pretrestment/
Running Vitrification Plants
Cumulative downtime of LAW Pretrestment/
Vitrification Plants due to lack of feed
Cumulative throughput of HLW Vitrification
Plant
Cumulative downtime of HLW Vitrification
Pant due to lack of feed
Cost HLW Glass Immohbilized HLW Volume
Disposa
Funding Profile | SST Retrievd Capital cost profile of retrieva projects
Capitd
Logidics Complexity Number of smultaneous transfers
Number of Smultaneous retrievas
Resources - Number of duicersrequired
equipment

HLW = High-level waste
LAW = Low-activity waste
SST = Sngle-shdll tank.

Al1.6 TRI-PARTY AGREEMENT SINGLE-SHELL TANK RETRIEVAL TARGET
MILESTONESARE TRADEABLE

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
OWVP
HTWOS
DSS Inventory
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Text of Item: Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) (Ecology et d. 1996, as amended) Milestones M-45-05-T01 through M-45-05-T15 are
consdered tradesble with other measures and metrics including, but not limited to, cost profile, interim
gorage risk and high-level waste (HLW) glass volume.

Discussion: These milestones specify the number of (additiond) SSTs for which retrieval must be
initited. Thisisreflected in ameasure that is defined in the decison framework.

Making these milestones tradegble is cons stent with past sudies. Elevating SST retrievd in
priority over Phase 1 waste processing resulted in having to idle the LAW processing facility for over a
year. Thisidletime incurs pendty feesin excess of $220 million. The primary god during Phase 1 will
be to support operation of the processing facilities. SST wastes will be retrieved as DST space
becomes available after satisfying Phase 1 feed staging requirements. New Tri-Party Agreement
milestones will be negotiated after the decison to move ahead with privatization is made in August
2000.
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A20 MASTER SCHEDULE

A2.1 PHASE 1B TREATMENT START AND COMPLETION DATES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
DSS Inventory

Text of Item: Key start and completion dates are given in Table A-2.

Table A-2. Phase 1 Treatment Start and End Dates.

Activity Date
First Batch of LAW Délivered April 30, 2006
Sat HLW Facility Hot Commissoning May 31, 2007
Start HLW Hot Vitrification Services September 1, 2008
Sart LAW Facility Hot Commissioning November 30, 2006
Start LAW Hot Vitrification Services March 1, 2008
Complete Treatment Phase 1 Services February 28, 2018

HLW = High-level waste
LAW = Low-activity waste.

Source: RPP Key Planning Assumptions (PIO 2000).

Issue: Fiscd Year (FY) 1999 planning guidance (Taylor 1998) states that Phase 2 processing
should be assumed to start in 2012 (assumed to be October 1, 2011; FY 2012). That isover 6 years
before the Phase 1 contract ends, and before the contract quantities of Phase 1 feed are processed.
Recent guidance (PIO 2000) speaks to the Phase 2 processing rates but does not clarify start dates.
See Section A2.4 for Phase 2 schedule assumptions.
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A2.2 PHASE 1B DELIVERY AND TREATMENT SCHEDULE

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
X OWP
X HTWOS
DSS Inventory

Text of [tem: CH2MHILL Hanford Group, Inc. (CHG) shdl maintain the capability to
provide quantities of LAW and HLW such that the cumulative units of LAW and the cummulative
canigters of IHLW the BNFL Inc. may have processed by the end of each year of operation shall be at
most 100 percent more than the cumulative plant performance profile from that year, provide thet (i)
DOE is not obligated to provide atotal amount of LAW or HLW grester than the minimum order
quantity (MOQ), and (ii) the amount shall not exceed 1,100 units of LAW or 120 canisters of IHLW.

Source: RL (1998) MOD. A010 (2000), Section H.

Discussion: The contract does not require processing to extend to the 2018 end date, but
alows the privatization contractor to complete early processing of the minimum order quantity stipulated
inthe contract. The LAW processing may be completed as early as 2015, and the HLW processing
may complete as early as 2013, based on the rates stipulated in the contract.

A2.3 PHASE 1B PLANTS- OPERATION BEYOND MINIM UM ORDER QUANTITIES

Thisitemis a That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Seguence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
VWP
X HTWOS
DSS Inventory

Text of Item: The BNFL Inc. Phase 1 LAW and HLW plants will be used to processthe
Phase 1 minimum order quantities and then will continue to operate until the contract expires
(2/28/2018).

Source: RL (1998) as amended, Taylor (1999), PIO 2000.

Discussion: The contract alows until February 28, 2018, for BNFL Inc. to process the
current contract order quantity (referred to as minimum order quantity). If BNFL Inc. can process a or
near the maximum alowed rates, they will finish the minimum order quantity and then be given the
opportunity to process additional waste within the time limit of the contract. CHG has identified wastes
that can be ddlivered to BNFL Inc. for processing after the minimum order quantity has been completed
and before the contract expires. These candidate feed sources are referred to as extended order
wastes.
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A2.4 PHASE 2 FULL-SCALE OPERATION

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet

VWP

X HTWOS
DSS Inventory

Text of Item: Phase 2 operations will start on March 1, 2018. One additional LAW plant and
one additional HLW plant will be built to support Phase 2 operations. The BNFL Inc. LAW and HLW
plants will be expanded to increase their capacity to support Phase 2 operations. Both of the Phase 2
LAW plants will have a capacity approximately twice that of the BNFL Inc. Phase 1 LAW plant for a
total LAW capacity of 120 MT ILAW per day; approximately four times the Phase 1 LAW capacity.
Both of the Phase 2 HLW plants will have capacity approximately four times that of the BNFL Inc.
Phase 1 HLW plant for atotal HLW capacity of 12 MT IHLW per day; approximately eight timesthe
Phase 1 HLW capecity.

Discussion: Past directionfor Phase 2 (Taylor 1998) has been to add one LAW plant to
double the tota LAW processing capacity and expand the Phase 1 HLW plant to quadruple the total
HLW capacity. The most recent direction given aimost doubles the total Phase 2 capacities. Wastes
from SSTswill be retrieved during the Phase 1 to backfill available DST space and provide feed for the
Phase 2 facilities. The March 1, 2018 start date for Phase 2 operations was derived from the BNFL
Inc. contract end date of February 28, 2018.

Issue: The second Phase 2 LAW plant (pretreatment and vitrification) may need to start
operation before March 1, 2018 and the HLW pretreatment capacity may need to increase before
March 1, 2018 to support the proposed increase in HLW vitrification capacity. Phase 2 facility sarts
and operating capacities will be adjusted as necessary to support the desired capacity increases for
Phase 2 garting March 1, 2018. This need to bring facilities on-line before March 1, 2018 may be an
artifact of how the Phase 1 to Phase 2 trandtion is modeled and can be corrected when further detail
about the trangition becomes available.
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A3.0 DOUBLE-SHELL TANK SYSTEM

A3.1 WASTE COMPATIBILITY

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowsheet
X OWVP
? HTWOS
X DSS Inventory

Text of Item: Waste compatibility requirements, documented in Data Quality Objectives for
Tank Farms Waste Compatibility Program (Mulkey 1997) and Tank Farm Waste Transfer
Compatibility Program (Fowler 1999), will be used to determine if trandfers of waste within the DST
system are permissible (see Item 3.2 for digposition of issues). However, DOE has granted exemptions
for both complexed waste segregation and TRU waste blending immediately prior to treatment and
disposa. Therefore, those exemptions will aso be taken into account.

Source: Fowler (1999), Mulkey et a. (1999), Kinser (1998) and Taylor (1996).

Discussion: The Fowler and Mulkey documents consolidate requirements from various
sources into a set of decison rules. Therules consider criticdity, flammable gas accumulation,
energetics, corrosion, watch-list tanks, chemica compatihbility, tank waste type, TRU waste segregetion,
heet generation rate, complexant waste segregation, waste pumpability and high phosphate waste.

DOE has granted exemptions for both complexed waste segregation and TRU waste blending
immediately prior to treetment and disposdl.

Issue: The Low-Level Waste Feed Staging Plan (Certaet d. 1996b) identified three rules
that may present problems. They are: (1) TRU Segregation, (2) Complexed Waste Segregation, and
(3) Tank Waste Type. New datafor the TRU segregation and complexed waste segregation have been
discussed above lessening the severity of theissue. But, there are till complications associated with
mixing those wastes as discussed above.

Source: Certaet d. (1996b).
Issue: The context under which the decision rules were developed was that of waste
management (receipt, storage, transfer, and concentration of waste). These may not be vaid under a

processing context (retrieva, in-process storage, partid pretrestment followed by remova from the
DST system).
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A3.2 WASTE COMPATIBILITY ISSUE RESOLUTION

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
X DSS Inventory

Text of Item: The digoostion of the waste compatibility issues raised by the Low-Level
Waste Feed Staging Plan (Certa et d. 1996b) will be asfollows:

1. Transuranic (TRU) Segregation: An evauation determined that segregeation of tank
wadtes potentialy classified as TRU from other wastes during treatment and disposd is
not required (Taylor 1996). However, the TRU waste is not to be mixed with awaste
that meets one of the Phase 1 feed specificationsif the resulting waste will not meet the
Phase 1 feed specification.

2. Complexed Waste Segregation: An evauation determined that there is no Waste
Volume Reduction (WVR) pendty since thiswaste is being removed from the DST
system and doesn't require further evaporation and storage. DOE-RL has granted
permission to alow complexed waste to be mixed with non-complexed waste based
upon meseting certain conditions, and obtaining DOE-RL gpprova for mixing the waste
on acase by case basis (Kinser 1998).

3. Tank Waste Type: An evduation of staging activities finds that tank heds may be
neglected when applying the waste compdibility matrix.

Additionaly, two rules will be complied with that were problemétic in the Preliminary Low-Level
Waste Feed Staging Plan (Certaet d. 19964). Both of these rules are Authorization Basis issues with
specific accidentsidentified in Noorani (1998a), and the associated controls established in Noorani
(1998b). Therules and associated control may change when the waste feed activities have been
evauated and any changes to the Authorization Basis have been implemented.

4, Flammable Gas Accumulation: Thisrule will not be relaxed and will be followed.
Feed staging transfers that could violate the SpG rule will be diluted before or during transfer.
Sufficient dilution water will be added to reduce the SpG to 1.40 or lower (the rule specifies
1.41).

5. Heat Generation Rate: Thisrulewill not be rdaxed and will be followed.
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Discussion:

1 TRU Segregation: The DOE Order for TRU segregation was meant to minimize
disposa costs by keegping the volume of TRU wagte to aminimum. DOE-RL
concurred with a Westinghouse Hanford Company evauation that segregation of TRU
wadtes from other HLW streams during treatment and disposal is not required because
of the additional costs associated with immobilization of segregated TRU waste. Since
staging of wastes is considered to be part of the trestment and disposal process,
Segregation during feed staging will not be required. However, the TRU waste is not to
be mixed with awaste that meets one of the Phase 1 feed specifications if the resulting
waste will not meet the Phase 1 feed specification.

2. Complexed Waste Segregation: Thisruleisto avoid mixing waste, which will cause
an unwanted WVR pendlty. If the WVR pendty is acceptable, or non-existent, thisrule
can be overridden.

DOE-RL has provided guidance (Kinser 1998) that alows complexed waste to be
mixed with other wastes if it does not cause the waste to go outside the current limits of
the privatization feed envelopes.

3. Tank Waste Type: Theissue of tank hedsis not addressed in the current
Compatibility Program or Data Qudlity Objective (DQO). In practice, tank hedls have
not been deemed to designate the waste type of atank. Tanks pumped to aminima
hed are usudly consdered empty. If, however, there is a safety concern with adding a
particular waste type to a hedl of another type then the hedl cannot be neglected. Tank
hedsis one of the issues that Process Engineering have suggested be addressed in a
future revison of the Competibility Program.

Source: Fowler (1999), Fowler (1996b), Taylor (1996) and Kinser (1998).
Issue: Negotiations with RL and Ecology concerning the content of the Waste Compatibility

DQO arein progress. There may be an opportunity to explicitly address waste transfers required for
feed gaging purposes and structure the DQO accordingly.
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A3.3 MAXIMUM MODELED DOUBLE-SHELL TANK LIQUID LEVEL

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWVP
X HTWOS
X DSS Inventory

Text of Item: The DSTs cannot be filled above the maximum liquid levels shown in Table A-3.

Table A-3. Double-Shdl Tank Modded VVolume Limits.

Double-shdl tanks Modded Maximum
AN-, AP-, AW- and SY-Farms except 241-AW-102 4,330
(416in)
241-AW-102 4,270 m?
(410in)
AY- and AZ- Tank Farms 3,790 nt
(364in)

Discussion: No upper volume limits (e.g. Safety Limit, Limiting Control Setting, or Limiting
Condition Operation) are currently listed in the Tank Farms Operating Specifications documents
(including the TWRS BIO) for the DSTs. Modeled DST upper limits are based on current operating
procedures and practices. Current operating practices remain unchanged from prior practices, which
followed specifications summarized in the previous revison of this document.

Source: Persond communication with R. A. Dodd (CH2M Hill Hanford Group), October 28,
1998.

Source: Kirkbride et a. (1999).

Issue: No DST upper volume limits are currently cited in the Tank Farms Operating
Specifications documents (including the TWRS BIO).
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A3.4 MINIMUM DOUBLE-SHELL TANK LIQUID LEVEL

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
X DSS Inventory

Text of Item: Thewaste or liquid volume in AN, AP, AW, and SY Tark Farm DSTswill not
be pumped down less than 60 n?® (0.15 m[6in.]). Thewaste or liquid volumein AY and AZ Tank
Farm DSTswill not be pumped down less than 670 n7* (1.6 m[64 in.]) when the annulus ventilation
system is operating.

Source: OSD-T-151-00007, Rev. H-21 (WHC 1996).

Issue: The standard operating procedure isto maintain aminimum liquid level of 1.93 m (76-
in.) for storing wasteinthe AY and AZ tanks.

Issue: Theminimum liquid level discussed here is the minimum operating leve per the

procedures. If solidsremain in atank, safety analysis may require greater liquid depth to prevent atank
bump.

A3.5 ACHIEVABLE DOUBLE-SHELL TANK HEELS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
X DSS Inventory

Text of Item: DSTswill be pumped down to a100 n® (0.25-m [10-in]) hedl when removing
waste. The 0.25-m (10-in.) hed will be measured above a settled solids layer when decanting and
above the bottom of atank when emptying atank. The annulus ventilation will be shut off when
pumping AZ and AY farm DSTs beow 670 nT (1.6 m [64 in.]).

The presence of failed equipment in atank will not adversdy affect the assumed hed volumes.
Discussion: The current floating suction pumps will sop pumping with
about 100 nT to 420 nT (0.25 mto 1 m [10to 40in]) of waste remaining in the tank. The pump will
lose prime below 750 n (1.83 m [72in]) if turned off.

Source: Vebd discusson, M. R. Elmore, D. A. Burbank, J. L. Foster.

A-25



HNF-SD-WM-SP-012
Revison 2

Discussion: A new decant pump can probably pump within 0.1 ML (0.25 m[10in.]) of the
bottom of the tank or solidslevel. Thisis congstent with performance observed during a vendor test of
the pump.

Source: T.W. Staehr and H-2-820774, Piping Decant Pump Assembly Elevation and Details,
Sheets 1 and 2, Rev. 1.

Discussion: Theinlet of most degp-well turbine pumpsisabout 0.1 ML (0.25 m[10in]) fromthe
bottom.

Issue: Available net positive suction head may bereduced by eevated waste temperaturesand the
pumps may not be able to reach the minimum heels assumed here.

A3.6 PHASE 1B SOLIDSDECANT HEEL

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Seguence/ Blending
X Simplifying/ Modeling Assumption Process Flowsheet
QWP
X HTWOS
DSS Inventory

Text of I1tem: The eevation of settled solidsis assumed to be uniform and it is assumed that
the supernate will be decanted down to 100 nT (0.25 m[10 in.]) above any seitle solids layer when
decanting liquids. This preventsinadvertent uptake of settled solids.

Source: Winkler (1993).

Issue: The devation of solidsin dl tanks will be uneven, and in tanks with mixer pumps, the
vaiation may be even greater. The control system for the new floating suction decanting pumps will be
designed so that the pumps will shut off when the clarity of the supernatant being pumped rises above
100 ppm, as measured by the turbidity sensor. The intake design of the pump will mogt likely limit the

pumpdown to 0.25 mto 0.3 m (10in. to 12 in.) above the settled solids layer. However, the clarity
of the supernatant could be more restrictive.
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A3.7 DOUBLE-SHELL TANK USAGE ALLOCATION

Thisitemis a:

Constraint

Requirement

Enabling Assumption

Simplifying/ Modeling Assumption

That applies to the:

HLW Staging Plan

LLW Staging Plan

Retrieval Sequence/ Blending

Process Flowsheet

QWP

XX XXX

HTWOS

DSS Inventory

Text of Item: The DSTswill be dlocated for specific usesasgiven in Table A-4.

Discussion: Generd schedule guidanceis given in the table to direct the modeling effort.
Specific schedules are determined by running the HTWOS modd.

Table A-4. Double-Shdl Tank Usage Allocation. (3 Shests)

Tank Allocation Time period
SWL Receiver Until SWL isdone, approximately 2003
- Cascade SWL to AN-106 HTWOS determines evaporation schedule
- Evaporate if necessary and send concentrate to
AN-101 AN-106.
Cleanout and use for LAW feed staging Until LAW Batch 17 isdelivered
Phase 2 staging Through the end of Phase 2
LAW feed source (staging)
- Caustic addition TBD
- Phase 1 feed staging Start delivery when half of Envelope B is
AN-102 processed.
- Tank cleanout, if necessary After LAW Batch 4 isdelivered
- Phase 1 LAW feed staging Until LAW Batch 18 isdelivered
- Phase 2 staging Through the end of Phase 2
AN-103 LAW feed source (staging) Until LAW Batch 13 isdelivered
Phase 2 staging Through the end of Phase 2
AN-104 LAW feed source (staging) Until LAW Batch 5isdelivered
Slurry cross-site receiver (unless needed for feed | Through the end of Phase 2
staging)
AN-105 LAW feed source (staging) Until LAW Batch 21 isdelivered
Phase 2 staging Through the end of Phase 2
SWL receiver Until SWL done, approximately 2003
- Cascade from AN-101 HTWOS determines
AN-106 - Evaporate if necessary Evaporation schedule
- Receive concentrated waste
Phase 2 staging Through the end of Phase 2
LAW feed source (staging) Until LAW Batch 7 isdelivered
AN-107 - Caustic addition TBD
Phase 2 staging Through the end of Phase 2
AP-101 LAW feed source (staging) Until LAW Batch 20 is delivered
Phase 2 staging Through the end of Phase 2
AP-102 Backup LAW feed source; keep empty if feedis | Through the end of Phase 1

used
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Table A-4. Double-Shdll Tank Usage Alloceation. (3 Sheets)
Tank Allocation Time period
Phase 2 feed source (staging) Through the end of Phase 2
Concentrated waste receiver (evaporator From approximately the end of FY 2000 until full
AP-103 bottoms)
Phase 2 feed source and staging Through the end of Phase 2
Receiver for SY-101 initial mitigation retrieval Until approximately 1/2000
AP-104 LAW feed source and staging (Batches 10, 16, Until LAW Batch 22 is delivered
and 22)
Phase 2 staging Through the end of Phase 2
Concentrated waste receiver (evaporator From approximately end of FY 2000 until full
bottoms)
AP-105 LAW feed source Until LAW Batch 23 isdelivered
Phase 2 staging Through the end of Phase 2
SWL receiver Until SWL isdone, approximately 2003
- Evaporate if necessary HTWOS determines evaporation schedule
AP-106 - Return concentrated waste to tank
LAW feed source Until LAW Batch 19isdelivered
Phase 2 staging Through the end of Phase 1
SWL cross-site receiver (from SY-102) Unitil approximately 2004
AP-107 Concentrated waste receiver or cross-site Through the end of Phase 2
receiver, as needed by HTWOS
Miscellaneous waste receiver Until approximately 2009
AP-108 LAW feed staging (concentrated waste) Until LAW Batch 24 isdelivered
Phase 2 staging Through the end of Phase 2
AW-101 LAW feed source (staging) Until LAW batch 15 isdelivered
Phase 2 staging Through the end of Phase 2
AW-102 Evaporator feed tank Through the end of Phase 2
HLW feed source Until retrieval of wasteto AW-104 iscomplete
- Use non-complexed, low phosphate waste as (HLW Batches 45 to 50)
transport fluid
AW-108 -M ;F/) use tank as concentrated waste receiver if
needed
Phase 2 staging Through the end of Phase 2
Waste storage Until AW-103 retrieval for HLW batches 45-50.
- Evaporate supernate and return to tank
- Slurry feed receiver, as needed
AW-104 LAW feed source Until supernate istransferred to AP-104 to
prepare LAW Batch 16
HLW feed source (staging) Until HLW Batch 50 is delivered
Phase 2 staging Through the end of Phase 2
100 Areaterminal cleanout receiver Until approximately 2008
- Includes TRU solids
- Remove dilute supernate as tank fillsand
AW-105 concentrate through evaporator
- Concentrated waste can go to concentrated
waste receivers
Potential Phase 1 HLW feed source HTWOS determines if needed
Phase 2 staging Through the end of Phase 2
AW-106 Evaporator bottoms receiver tank Through the end of Phase 2
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Table A-4. Double-Shdll Tank Usage Alloceation. (3 Sheets)
Tank Allocation Time period
Waste storage Until C-104 retrieval starts
C-104 dluicing receiver Until C-104 retrieval is complete
AY-101 HL W feed source (staging) Until HLW Batch 31 isdelivered
Phase 2 staging (and SST sluicing receiver if Through the end of Phase 2
needed)
C-106 sluicing receiver Until C-106 retrieval isdone
HLW feed source (staging) Until HLW Batch 19 isdelivered
AY-102 C-107 dluicing receiver Until C-107 retrieval isdone
HLW feed source (staging) (includes AW-103 Until HLW Batch 44 isdelivered
waste)
Phase 2 SST sluicing receiver and staging Through the end of Phase 2
LAW and HLW feed source (staging) Until HLW Batch 6 isdelivered
AZ-101 HLW feed staging Until HLW Batch 35isdelivered
Phase 2 staging Through the end of Phase 2
LAW and HLW feed source (staging) Until HLW Batch 12 isdelivered
AZ-102 Kepkt empty as backup LAW/HLW feed staging | Until the end of Phase 1
tan
Phase 2 staging Through the end of Phase 2
LAW feed source Until retrieved to AN-101 for LAW Batch 11
- Approximately 300 kgal to AP-104 initial
mitigation retrieval
Sv-101 - Remainder retrieved to AN-101
Phase 2 staging Through the end of Phase 2
-West Area SST sluicing receiver
- West to East cross-site staging tank
- West Area cross-site receiver
Cross-site transfers Unitil approximately 2004
- West Areareceiver
- West to East cross-site staging tank
HLW feed source Until retrieved to AZ-101 to make HLW Batches
SY-102 32-35
Phase 2 staging Through the end of Phase 2
- West Area SST sluicing receiver
- West to East cross-site staging tank
- West Area cross-site receiver
LAW feed source Until retrieved to AN-101 to make LAW
Batch 17
SY-103 Phase 2 staging Through the end of Phase 2

- West Area SST sluicing receiver
- West to East cross-site staging tank
- West Area cross-site receiver
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A40 FEED COMPOSTIONS

A4.1 PHASE 1B LOW-ACTIVITY WASTE FEED COMPOS TION

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
DSS Inventory

Text of Item: LAW Waste supplied to the private contractor during the Phase 1B meets the
limits established by feed Envelopes A-C per the privatization contract. The specification tables from
the contract are reproduced in Tables A-5 and A-6. One exception is that the maximum *¥'Cs
concentration equivaent in the trandferred LAW feed shdl be lessthan 1.2 Ci/L instead of the 6 Ci/L as
currently stated in the BNFL Inc. contract. The maximum **'Cs concentration in the liquid fraction of
waste in tanks 241-AZ-101 and —102 shall not exceed 3.0 Ci/L.

Table A-5. BNFL Inc. Contract Specification Table TS-7.1, LAW Chemicad Compostion, Soluble

Fraction Only.
. Maximum ratio, analyte (mole) to sodium (mole)
Chemical Andlyte Envelope A Envelope B Envelope C

Al 2.5E-01 2.5E-01 2.5E-01
Ba 1.0E-04 1.0E-04 1.0E-04
Ca 4.0E-02 4.0E-02 4.0E-02
Cd 4.0E-03 4.0E-03 4.0E-03
Cl 3.7E-02 8.9E-02 3.7E-02
Cr 6.9E-03 2.0E-02 6.9E-03
F 9.1E-02 2.0E-01 9.1E-02
Fe 1.0E-02 1.0E-02 1.0E-02
Hg 1.4E-05 1.4E-05 1.4E-05
K 1.8E-01 1.8E-01 1.8E-01
La 8.3E-05 8.3E-05 8.3E-05
Ni 3.0E-03 3.0E-03 3.0E-03
NO, 3.8E-01 3.8E-01 3.8E-01
NOs; 8.0E-01 8.0E-01 8.0E-01
Pb 6.8E-04 6.8E-04 6.8E-04
PO, 3.8E-02 1.3E-01 3.8E-02
SO, 1.0E-02 7.0E-02 2.0E-02
TIC 3.0E-01 3.0E-01 3.0E-01
TOC? 5.0E-01 5.0E-01 5.0E-01
) 1.2E-03 1.2E-03 1.2E-03

Mole of inorganic carbon atoms/mole sodium
2Mole of organic carbon atoms/mole sodium.
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Table A-6. BNFL Inc. Contract Specification Table TS-7.2, LAW Radionuclide Content, Soluble
Fraction Only.
. , M aximum ratio, radionuclide (Bg) to sodium (mole)
Redionuide Envelope A Envelope B Envelope C

TRU? 4.8E+05 4.8E+05 3.0E+06
B¥cs 4.3E+09 2.0E+10 4.3E+09
Ogy 4.4E+07 4.4E+07 8.0E+08
“Tc 7.1E+06 7.1E+06 7.1E+06
®Co 6.1E+04 6.1E+04 3.7E+05
>y plus ®°Eu 1.2E+06 1.2E+06 4.3E+06

The activity limit shall apply to the feed certification date.
2TRU is defined in accordance with 10 CFR Part 61.55.

Some radionuclides, such as *°Sr and **Cs, have daughters with relatively short half-lives.
These daughters have not been listed in thistable. However, they are present in concentrations
associated with the normd decay chains of the radionuclides.

Source: DOE-RL (1996) MOD. A012 (2000), Section C.6, Specification 7.

Discussion: Theorigind envelope concept was established by McKee et d. (1995):
"Envelope A represents waste that will test the production capacity and fisson product remova
efficiency of the plants while producing afina product in which the waste loading will be limited by
sodium. Envelope B wagte is milar to Envelope A but this waste will produce afind product in which
the waste loading will be limited by minor component concentrations. Envelope C represents waste
with complexing agents that may interfere with *°Sr and/or TRU decontamination requiring
demondiration of organic destruction or some other acceptable mitigation technology.”

The development of the current envelopesis described by Petdllo et d. (1996).

The CHG will plan to ddliver feed which meets the privatization contract specifications. If the
feed does not meet the specifications, it will be processed under contract clause H.43. There are no
plansto dilute or shim any out-of- specification feed.

Issue: All waste meeting Envelope A requirements will dso satisty Envelope B and Envelope
C requirements

Issue: Anemerging issueisthat 22 DST's recaived plutonium-uranium extraction (PUREX)
organic wash waste based on transaction records through January 1, 1994 (Agnew 1996). This means
that there could be soluble tributyl phosphate or separate phase PUREX-type solvent in the supernatein
some DSTs. The DSTsidentified in Agnew's report include 241-AN-101 through 241-AN-107,
241-AP-101 through 241-AP-103, 241-AP-105, 241-AP-106, 241-AP-108, 241-AW-101,
241-AW-102, 241-AW-105, 241-AW-106, 241-AY-101, 241-AZ-101, 241-AZ-102,
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241-SY-101, and 241-SY-103. Some of these are candidate tanks for privatization Phase 1 feed.
Additionaly, in 1985 B. M. Mauss observed that a surface sample from 241- AW-105 contained an
organic phase (Herting 1990). Waste with avisible organic layer does not meet the contract
specification.

Source: DOE-RL (1996) MOD. A012 (2000), Specification 7.

I ssue: Maximum source terms, both radiologica and toxicologica must be developed to
support development of the safety bad's and authorization basis amendment.

A4.2 PHASE 1B HIGH-LEVEL WASTE FEED COMPOSITION

Thisitemis a: That applies to the:

Constraint X HLW Staging Plan
X Requirement LLW Staging Plan
Enabling Assumption Retrieval Sequence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
OWVP
HTWOS
DSS Inventory

Text of Item: The unwashed solids composition of the HLW durry feed supplied to the
private contractor during Phase 1 will satisfy the compostion limits established by waste Envelope D.
The durry will contain amixture of liquids (Envelopes A, B, or C) and solids (Envelope D). The
compoasitiona range of the liquid fraction is defined in Specification 7 (see Section 4.1). In Specification
8 only componentsidentified in Tables TS-8.1, TS-8.2, and TS-8.3 have concentration limits which will
be used to provide the basis for certification that HLW solids are within specification limits. The feed
concentration will be between 10 and 200 grams of unwashed solids per liter of durry. The Envelope D
feed specification tables are reproduced as Tables A-7, A-8, and A-9. Table A-10 haslimitson
components that are important to HLW glass production. The concentration of the components are not
expected to be exceeded. The following exceptions to the BNFL contract will be alowed. The
minimum HLW solids concentration requirement to be greater than 10 g/L iswaived for tanks 241-AZ-
101 and 241-AZ-102. The sodium concentretion in the LAW feed ddlivered from tanks 241-AZ-101
and 241-AZ-102 can range between 2M and 5M. The sodium concentration in the liquid fraction of
HLW durries can range between 0.1M and 10M.

The CHG will plan to deliver feed that meets the privatization contract specifications. If the feed

does not meet the specifications, it will be processed under contract clause H.43. There are no plansto
dilute or shim any ouit- of-pecification feed, or to have contingency feed available.
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Table A-7. BNFL Inc. Contract Specification Table TS-8.1 High-Level Waste Feed Unwashed Solids
Maximum Non-V olatile Component Composition
(grams per 100 grams non-volatile waste oxides)

Non-volatile dement Maximum (grem;/lOO Non-voldile dement Maximum (grans/loo
grams waste oxides) grams waste oxides)

As 0.16 Pu 0.054

B 1.3 Rb 0.19

Be 0.065 Sb 0.84

Ce 0.81 Se 0.52

Co 0.45 S 0.52

Cs 0.58 Ta 0.03

Cu 0.48 TC 0.26

Hg 0.1 Te 0.13

La 2.6 Th 0.52

Li 0.14 Tl 0.45

Mn 6.5 V 0.032
Mo 0.65 W 0.24

Nd 1.7 Y 0.16

Pr 0.35 Zn 0.42

Table A-8. BNFL Inc. Contract Specification Table TS-8.2 High-Level Waste Feed Unwashed Solids
Maximum Volatile Component Compasition.

(grams per 100 grams non-volatile waste oxides)

Volatile components Maximum (grams/ 100 grams waste oxides)
Cl 0.33
CO;? 30
NO, 36
NO3 (total NO./NO5)
asNO;
TOC 11
CN 16
NH; 1.6
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Table A-9. BNFL Inc. Contract Specification Table TS-8.3 High-Level Waste Feed Unwashed Solids
Maximum Radionuclide Compodtion.

(Curies per 100 grams non-voletile waste oxides)

Maximum Maximum Maximum
| sotope (Ci/100 grams | sotope (Ci/100 grams | sotope (Ci/100 grams
waste oxides) waste oxides) waste oxides)
°H 6.5E-05 129) 2.9E-07 Z'Np 7.4E-05
“c 6.5E-06 Bics 1.5E+00 28py 3.5E-04
®Co 1E-02 B2ey 4.8E-04 2py 3.1E-03
Ogr 1E+01 =T 5.2E-02 2py 2.2E-02
®Tc 1.5E-02 =T 2.9E-02 2Am 9.0E-02
125gh 3.2E-02 23y 9.0E-07 243+240m 3.0E-03
126G 1.5E-04 5y 2.5E-07

Table A-10. BNFL Inc. Contract Specification Table TS-8.4 Additiond High-Level Waste Feed
Compostion for Non+Volatile Components.
(Grams per 100 grams non-volatile waste oxides)

Maximum Maximum
Non-voldile dement (grams/ 100 grams Non-voldile dement (grams/ 100 grams
waste oxides) waste oxides)

Ag 0.55 Ni 2.4
Al 14 P 1.7

Ba 4.5 Pb 11
Bi 2.8 Pd 0.13
Ca 7.1 Rh 0.13
Cd 4.5 Ru 0.35
Cr 0.68 S 0.65
F 35 Si 19

Fe 29 Ti 1.3

K 1.3 U 14
Mg 2.1 Zr 15
Na 19
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Source: DOE-RL (1996) MOD. AQ06 (1998), Section C, Specification 8, Taylor (1999).

I ssue: The maximum solids loading of the feed will dso be limited by the Authorization Basis
anayzed releases for spray leak, surface leak, and subsurface leaks. Thisanadysis has not been
performed at the current time.

I ssue: Maximum source terms, both radiologica and toxicologica must be developed to
support development of the safety basis and authorization basis amendment.

A4.3 PHASE 2 FEED COMPOSITION

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: There are no feed envelope specifications that have to be met during Phase 2.

Discussion: Envelopes developed for Phase 1B do not apply to the broader range of waste
expected during Phase 2 and no feed envelopes have been defined for Phase 2.
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A50 FEED DELIVERY

A5.1 PHASE 1B ORDER QUANTITIES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Seguence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWVP
X HTWOS
DSS Inventory

Text of Item: A minimum of 6,000 units of LAW feed meeting requirements for LAW
Envelopes A, B, and C shdl be delivered to BNFL Inc. The quantity of Envelope C waste shdl not
exceed 2,100 units unless agreed to by BNFL Inc. Units of LAW feed are defined in contract
gpecification 7.2.3. The CHG must supply sufficient HLW feed meeting HLW Envelope D to produce
600 canisters of HLW glass.

A5.2 PHASE 1B PRIVATE CONTRACTOR NOTICE

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption Retrieval Sequence/ Blending

Simplifying/ Modeling Assumption Process Flowsheet
OWP
HTWOS
DSS Inventory

Text of Item: The private contractor will provide notice 60 daysin advance of the desired
wadte trandfer date (WTD) and promptly inform ORP if the WTD will change.

Source: ICD 19, Washer (2000).

A5.3 PHASE 1B FEED DELIVERY WINDOW

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
X OWP
X HTWOS
DSS Inventory
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Text of Item: The CHG will ddliver each batch of feed to the private contractor: (1) beginning
no earlier than the later of the WTD or the day that contractor is actually ready to receive feed and (2)
finishing no later than 30 days after the ready date.

Source: RL (1998) as amended, Section H.9.g, ICD 109.
Discussion: Feed for the LAW contractor is ddlivered by transfer to the private contractor's

feed tank; feed for the HLW contractor is ddivered by transfer into a pipeline provided by that
contractor.

A5.4 PHASE 1B WASTE TRANSFER DATE

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

X OWP

X HTWOS

DSS Inventory

Text of Item: The private contractor shall provide to the DOE contracting Officer awritten
request specifying the desired WTD 60 caendar days prior to the requested WTD. Within 30 caendar
days of the written notice from the private contractor, the DOE Contracting Officer will issue awritten
reponse to the private contractor confirming that DOE will deliver a conforming batch of a specified
volume to the private contractor on the WTD or such other date as DOE may propose. It will be
assumed that the request and natification will be made in time that the facility will be able to continue
operating at the norma processing rate.

Source: BNFL ICD 19, ICD 20.

A55 PHASE 1B FEED BATCH SAMPLES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet
OWP
HTWOS
DSS Inventory

Text of Item: Samples of staged feed will be provided to the private contractor at least nine
months (270 days) before deivery of feed. The sampleswill be delivered to the BNFL Inc. facility on
the Hanford Site.
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Source: ICD 19 and 20.

Discussion: The cited interface descriptions states that ORP will provide samplesto the
contractor for testing as part of the waste feed ddlivery process, if requested by the vendor. These
samples are in addition to the samples required under Section C.5, Standard 2, Process Design
Development, and under Section C.7, Interface Description 23.

A5.6 PHASE 1B FEED COMPOSITION INFORMATION

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowsheet
VWP
HTWOS
DSS Inventory

Text of Item: The CHG will provide the composition of each feed batch to the private
contractor at least 30 days prior to delivery to the private contractor as described in ICDs 19 and 20.
The feed composition provided for the LAW will be the liquid compostion only. The feed composition
provided for the HLW will be both liquid and solid compositions.

A5.7 PHASE 1B WASTE FEED DELIVERY SEQUENCE

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
DSS Inventory

Text of Item: During minimum order quantity processing, DST supernate will be provided
according to the following sequence (see Table A-11) and range of feed quantity:

Table A-11. Low-Activity Waste Feed Ddlivery
Sequence.
Envelope Unitsof LAW *
400-700
900-1700
500 - 1300
750 - 1200
500 - 1300
1400 - 3850

>0 0(®(>
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Table A-11. Low-Activity Waste Feed Ddlivery
Sequence.
| Envelope | Unitsof LAW* |
*See saction 5.1 for the definition of units of
LAW for each feed type.

The tank - gpecific sequence for LAW feed ddivery isgivenin Table A-12.

Table A-12. Phase 1 Low-Activity Waste Feed Delivery Tank Sequence.

Tank Enveope

241-AP-101

241-AZ-101

241-AZ-102

241-AN-102

241-AN-104

241-AN-107

241-AN-105

241-SY-101

241-AN-103

241-AW-101

241-AW-104

241-SY-103

241-AP-106

241-S-102 (241-S-103, 241-S-105)

241-S-105 (241-S-106, 241-S-108)

241-AP-105

(00| (Z|Z |0 0w m >

241-AP-108

The tank - gpecific sequence for delivery of HLW feed isgiven in Table A-13.

Table A-13. Phase 1 High-Level Waste Feed Ddlivery
Tank Sequence.
241-AZ-101
241-AZ-102
241-AY-102
(241-C-106)
241-AY-101
(241-C-104)
241-SY-102
241-C-107/241-AW-103
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| 241-AW-104/241-AW-103

Source: PIO (2000).
Discussion: LAW Envelope B feed is delivered as part of the waste in tanks 241-AZ-101

and 241-AZ-102. Tanks providing waste to meet the minimum order quantities in the BNFL contract
are stated in the RPP Key Planning Assumptions (PO 2000). Tanksin Tables A-12 and

A-14 liged after AW-101 and SY-102 for LAW and HLW, respectively, provide waste for the
Extended Order through the end of the contract period.

A5.8 PHASE 1B MINIMUM FEED BATCH SIZE

Thisitemis a That applies to the:
Constraint X HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
DSS Inventory

Text of Item: Theinitid LAW feed batch size will be between 400 and 700 units. Additiond
LAW feed batches will be at least 100 units. The minimum initia HLW feed batch sizeis 600 nt with
an insoluble solids content of between 10 and 200 g/L. Additional batches will be at leaste 200 n? in
volume induding flush volumes

Source: ICD 19 and ICD 20.

A5.9 PHASE 1B MODELED BATCH SZES

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying/ Modeling Assumption X Process Flowsheet

X OWP

X HTWOS

DSS Inventory

Text of Item: CHG will deliver LAW feed to BNFL in 3,785 nt (1,000,000 gal) batches
unlessthey are ddivering the lagt part of the waste from atank. These smdler trandferswill be a least
946 (250,000 gdl) in size. CHG will deliver HLW feed to BNFL Inc. in 600 n7 batches unless they
are ddlivering the last part of a batch group. These smaller transfers will be at least 200 n in size.
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Source: Persona communication with Russ Trest.

A5.10 PHASE 1B OUT OF SPECIFICATION FEED

Thisitemisa: That applies to the:
Constraint HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowsheet
VWP
HTWOS
DSS Inventory

Text of Item: The CHG will plan to deliver feed which meets the privatization contract
gpecifications. If the feed does not meet the specifications, it will be processed under contract clause
H.43. There are no plansto dilute or shim any out- of- pecification feed.

Source: Derived from DOE-RL (1996) Mod. A012, (2000), Section C.6, Specifications 7
and 8.

Discussion: If the feed to the private contractor is out-of- specification, the private contractor
will determine treatability of the waste. If the waste is treetable within the facility, aprice for processng
will be negotiated and the waste will be processed. (DOE [1996], Mod. A006 [1998] clause H.43).
Contract compliance will be evauated by the CHG in the source tank for direct trandfers and in the
intermediate waste feed staging tanks for saged waste.

A5.11 PHASE 1B LOW-ACTIVITY WASTE FEED SAMPLING STRATEGY--

CONTRACTUAL
Thisitemis a: That applies to the:
Constraint HLW Staging Plan
X Requirement X LLW Staging Plan

Enabling Assumption Retrieval Sequence/ Blending

Simplifying/ Modeling Assumption Process Flowsheet
VWP
HTWOS
DSS Inventory

Text of Item: CHG will demonsgtrate the ddlivered waste meets the envel opes by sampling and
andydis of the waste staged in the intermediate staging tanks.

Grab samples will be obtained from nine different depths from below asingleriser. The tota
sample volume will meet the sample volume needs for analysis of the tank waste to support feed
certification, provide a 1.5 L sample to the private contractor, and archive sample materid.

The homogeneity of the soluble waste contents will be verified to determine the tank inventory.
A tank waste will be composited and sub-sampled to be used for feed certification andyss. The
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arithmetic mean concentration for each andyte identified in Specification 7 will be determined from the
andysisfor the tree sub-sample results.

After confidence in the certification method is devel oped, the number of sample locations used
in the tank may be decreased.

Source: Derived from ICD 19.

Discussion: The retrieved supernate may be of different composition than estimated due to
projection uncertainties, source tank inhomogeneities or large amounts of entrained solids. I dilution
water (or dilute caugtic) is required for the retrievd/transfer of waste or to meet envelope limits, the
composition may be further dtered by dissolution or precipitation of solids. A smilar concern exigts for
blending wastes to provide the proper batch Szes or using dilute waste as an dternative to water for
dilution. Staging activities may further mix wastes from different source DSTs.

Issue: The precison and accuracy needed to satisfy Resource Conservation and Recovery

Act of 1976 (RCRA) requirements, and satisfy the private contractor's needs for feed composition data
have not been determined.

A5.12 PHASE 1B FEED SAMPLING STRATEGY--REGULATORY

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption Retrieval Seguence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
VWP
HTWOS
DSS Inventory

Text of Item: Waste feed certification data obtained by the CHG will satisfy regulatory needs,
or any additiond sampling and andysisto satisfy regulatory needs can be completed within the same
schedule window as certification sampling and analysis.

Source: Lerchen (1996) and Erlandson (1996), and ICD 19.

Discussion: The feed ddivered to the private contractor is subject to RCRA regulations,
however additional RCRA testing is not required prior to transfer to the private contractor. WAC 173-
303-300 requiresthe operator to confirm his knowledge about a dangerous waste before his stores,
treats, or disposes of it." This assumption bounds the duration for sampling and its impact on the feed
delivery schedule.

Issue: The details on how regulaory requirements will be gpplied to the feed delivery transfer
will be negotiated between RL, Washington State Department of Ecology (Ecology) and the private
contractor during Part 1B. These will be documented in the private contractor's waste anadlysis plan. If
regulatory sampling requires additiond time beyond that needed for certification sampling, it will impact
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the feed delivery schedule.

A5.13 PHASE 1B MAXIMUM HIGH-LEVEL WASTE FEED BATCH VOLUME

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
X Requirement LLW Staging Plan
Enabling Assumption Retrieval Seguence/ Blending
Simplifying/ Modeling Assumption Process Flowsheet
OWVP
X HTWOS
DSS Inventory

Text of Item: The maximum HLW feed batch volume will be 675 n¥ (178,000 gd) for the
first feed batch, and 600 T (159,000 gal) for subsequent batches..

Source: RL (1998) as amended and ICD 20.
Discussion: Theinitid HLW feed batch (induding flush water) ddlivered to the private

contractor will range in volume from 600 n (159,000 gal) to 675 nt (178,000 gal). Subsequent
batches of HLW feed will range in volume from 200 i (52,800 gal) to 600 n® (159,000 gdl).
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A6.0 OPERATIONAL RATES, CAPACITIES, AND DURATIONS

A6.1 SMULTANEOUS SINGLE-SHELL TANK RETRIEVALS PER QUADRANT

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: SST retrieva operationswill be limited to Sx Smultaneous retrievas per tank
farm, 9x amultaneous retrievals per quadrant, and seven smultaneous retrievals across dl of the tank
farmsfor the NE, NW and SW quadrants. SST waste retrieval operations in the SE quadrant will be
limited to two smultaneous retrievas, with both of these dlowable within the same tank farm.

Source: Kirkbride et al. (1999).

Discussion: The number of smultaneous retrievals that can occur per quadrant or tank farm is
important because it affects blending and the overdl retrieval rate. The number of Smultaneous
retrievals assumed above are based solely upon the planned capatiilities of the DST syster and WRFs
(see section A6.2). Limitations on the number of smultaneous retrievals that can occur are due to the
following.

Physica space available in atank farm for retrieval operations

Operations staff available to operate retrieva equipment

Thetrandfer lines available to move retrieved waste

The ability to detect leaks during retrieval. Smultaneous retrieva from multiple source tanks
to asingle destination tank may prevent adequate leak detection and mitigation.

The cogt for infrastructure to support more Smultaneous retrievals.

Issue: The management Assessment performed during the firsg RTP effort (Honeyman 1998)
and the MAR associated with it (Acree 1998) recommended that a maximum of five SSTs could be
retrieved smultaneoudy, one each in the NE, SW, and SE quadrants and two in the NW quadrant.
The assumption for the 2006 Hot Start scenario uses a higher number of smultaneous retrievasto be
able to complete SST wagte retrieval and processing by the year 2030 as directed by DOE-ORP (PIO
2000). A formd study should be performed to identify the specific drivers that will limit the number of
smultaneous retrievas that can occur.

Source: Acree (1998), Honeyman (1998), PIO (2000).
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A6.2 SSMULTANEOUSSINGLE-SHELL TANK RETRIEVALSINTO A SINGLE
DOUBLE-SHELL TANK OR WASTE RECEIVER FACILITY TANK

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

VWP

X HTWOS
DSS Inventory

Text of Item: Up to two SSTsmay be retrieved into one DST at atime. Only one SST may
be retrieved into a WRF tank at one time.

Discussion: The maximum number of SSTsthat can be smultaneoudy retrieved into asingle
DST or asingle WRF tank has not been established. The number of SSTs that can be smultaneoudy
retrieved into a single tank is an important factor in how the wastes are blended during retrievd, and it
can dso affect the overdl retrieva rate.

Issue: A study should be performed to determine how many smultaneous retrievasinto a
gngletank is reasonable.

A6.3 SINGLE-SHELL TANK RETRIEVAL RATE

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: Salt cake and Judge will be retrieved from the SSTs at the rates listed below.

R = 7.2 m*/day for 0.10 #(Vu/V7)

R=72* (V./V+) nt/day for 0.10 $(V./V7) $ 0.01
R = 0.72 m*/day for 0.01 $(Vu/V1)
Where

Vw = remaining volume of waste in tank
V1 = tank desgn volume

In HTWOS, SST retrieva operations continue until 0.4 n (100 gallons) of wasteisleft in each

Thetotd retrievd time (in days) for each SST is cdculated separately from the HTWOS modd.
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The"daysto retrieve’ are then used with the SST inventory in HTWOS (includes retrieva weter) to
caculate an average retrieva rate.

Source: Boomer et a. (1994); Orme (1994).

Issue: It isexpected that retrieva will continue down to a minimum hed or until removd rate
decreases below the turn-down ratio of the retrieval system. At this point in time, the heel would ether
be left in place (if acceptable for closure) or removed to support closure using different equipment. The
endpoints (how clean is clean), timing (will closure activities begin immediatdly after retrievd), removad
rate (how long will it take to remove the hedls) and disposition of this materid (will it be processed dong
with the rest of the waste) is not known.

A6.4 WASTE TRANSFER DURATIONS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: Transfer system setup times do not effect transfer durations and wastes are
transferred at arate of 763 nt/day.

Source: Certaet a. (1996b), Table E-10 and Section 3.1; Galbraith et d. (1996).

Discussion: The Low-Level Waste Feed Staging Plan (Certa et al. 1996b) performed a
Monte Carlo smulation of the performance of the transfer systems for both HLW and LAW feed
staging. For purposes of preparing an operating scenario, amedian value of 10 days was alocated for
setup and transfer of waste batches. In order to smplify the HTWOS computer model, a decison was
made to mode al transfers at 763 nt/day.

Many wadte transfers of sizes significantly different from those used in the HLW and LLW feed
gaging plans are modeled for the retrieva sequence and blending work. The nomind 10 days
combined duration does not apply. A transfer pump rate of 763 nv/day will be used for dl transfers.
Trangfer setup time will be neglected. The 763 nt/day is the nominal trandfer rate expected by the
Transfer System Upgrades report.

Issue: An ongoing analysis has indicated that the transfer rates may be limited to 440 nv/day
(80 gd/min).
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A6.5 CROSS-SITE TRANSFERS
Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

OWVP

X HTWOS
DSS Inventory

Text of Item: Prior to the dudge being removed from SY-102, the maximum volume that can
be transferred cross-site is 2,740 nt (723,250 gd). After the dudge is removed the maximum volume
that can be transferred cross-site is 3,990 n (1,053,250 gal). For modeling convenience, avalue of
2,840 7 (750,000 gal) has been chosen as aminimum transfer volume after the dudge has been
removed from 241-SY-102. Lesswade than the minimum identified here may be transferred under the
following conditions. when long gaps are anticipated for waste received into 241- SY-102; when
optimization of tank gpace can be achieved; and prior to tank 241-SY-102 closure.

Source: Discussonswith M. J. Sutey; Payne (1998); and T0O-430-506.

Discussion: Thereisno direction for the minimum volume to accumulate prior to making a
cross-dtetrandfer. It is preferable however, to retain as much waste as possible in 241-SY-102 prior
to making a cross-gte trandfer. The maximum amount transferred prior to removing the dudgeis equa
to subtracting the volume required to be kept in the tank prior to removing the dudge and the buffer
volume from the volume corresponding to the maximum operating height. The maximum amount
transferred after the dudge has been removed is equa to subtracting the acceptable hedl volume and the
buffer volume from the volume corresponding to the maximum operating haght. Asaminimum volume
after the 241-SY-102 dudge has been removed, avolume of 2,840 nt (750,000 gal) was assumed to
minimize the number of transfers and the associated trandfer flushes, while not requiring aDST to be
completdly filled prior to trandfer.

Issue: Based on TRU waste not posing a comptibility concern, a study may be performed to
lower the volume that must be kept in 241-SY-102 prior to removing the dudge.

Issue: Compatibility assessment results for waste transferred into 241-SY -102 may dictate
transferring waste from tank 241-SY-102 without waiting for additional waste to accumulate in the
tank.

Issue: All cross-dte trandfers must meet the requirements of the TWRS Authorization Basis.
The requirements for the cross-gte trander line are identified in Addendum 2 of Noorani (19983). Any

trandersthat fal outsde of the basiswill require revison of the authorization basis prior to the transfer
being performed.

A6.6 SSMULTANEOUS TRANSFERS
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Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retri eval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

OWVP

X HTWOS
DSS Inventory

Text of Item: Thereisno limit on the total number of Smultaneous transfers that can occur in
the DST system. The transfer systems required to support these transfers are available when needed.
The number of Smultaneous transfers includes the transfers associated with retrieva of SST waste,

Discussion: During earlier retrieval sequence studies (Penwell 1996), it was determined that
with amaximum of 16 possble smultaneous duicing operations, there was a maximum of 46 linesin the
tank farms transferring liquids at the same time (32 duicing and 14 waste or chemica transfers). The
feasibility of doing thet, has not been evaluated.

Issue: Thereissgnificant risk in successfully performing the Phase 2 SST retrievas because the

operations have not been planned in sufficient detail to know apractica limit for the number of
smultaneous trandfers.

A6.7 RETRIEVAL SYSTEM REUSE

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: Retrievd systemswill be reused. There will be one year between thetime a
retrieva system istaken out of service and when it can be reused in another tank. That time alows the
system to be removed, decontaminated, serviced, and reingdled in another tank.

Issue: No officidly approved duration has been developed for the removal, decontamination,

sarvice, repair, and reingtdlation of retrieva systems. Therefore, a one year duration period was used
asapreiminary etimate.

A6.8 PHASE 1B FEED CERTIFICATION TIMING

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Seguence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
OWVP
X HTWOS
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| | | [ | DsSInventory |

Text of Item: Mixing, sttling, sampling, andysis, and compliance evaduaion will take atota of 7
months per tank for LAW feeds and 9 months per batch group for HLW feeds.

Source: PIO 2000.

A6.9 PHASE 1B LAW FEED DELIVERY CONSTRAINTS

Thisitemis a That applies to the:
Congtraint HLW Staging Plan
X Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: The minimum time between feed batch transfers will be 30 days.

Discussion: The contract limits the minimum time between transfer of batches of LAW feed to
30 day<s/100 units of feed. The schedule of feed delivery isto be established as part of the ICD for ID
19 (Low-Activity Waste Feed).

Source: RL (1998) MOD. A012 (1998) and ICD 19.

A6.10 EVAPORATOR AVAILABILITY

Thisitemis a That applies to the:
Congtraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

X OWP

X HTWOS

DSS Inventory

Text of Item: The 242-A evaporator will be available, as needed, to support waste
processing operations until the Phase 2 low- activity waste immohilization facilities become operationd.
There will an evaporator outage in FY 2004. During the outage Waste Management will complete dl
upgrades necessary (or provide dternative capabilities) to extend the operation to the end of Phase 1.
The Phase 2 waste processing contractor(s) will provide evaporator capability for Phase 2.

Source: RPP Key Planning Assumptions (PIO 2000).

A6.11 EVAPORATOR OPERATION
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Thisitemis a: That applies to the:
Constrai nt X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

X OWVP

X HTWOS

DSS Inventory

Text of Item: The 242-A evaporator concentrates waste feeds to a specific gravity of 1.40
unless operation is limited by the condensate flow (upper limit of 50 gd/min). When operation islimited
by the condensate flow, the waste is processed through the evaporator multiple times until the 1.4
specific gravity isreached. Evaporator campaigns will be scheduled eight months gpart (from the end of
one campaign to the gart of the next campaign) when needed.

Issue: Concentration of some wastes to a specific gravity of 1.4 may result in solids

precipitation. Actua operation of the evaporator depends upon the chemidtry of the waste being
concentrated.

A6.12 PHASE 2 NEW WASTE RECEIPTS

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan

X Enabling Assumption
Simplifying / Modeling Assumption

Retrieval Seguence/ Blending
Process Flowsheet

VWP

HTWOS

DSS Inventory

XX XX

Text of Item: Numerous waste transfers are anticipated from various sourcesinto DSTs.
Waste receipts that are specified on ayearly basis will be transferred to the DSTs a the beginning of the
specified fiscd year unless more details are given explicitly in OWVP planning (Strode and Boyles
1999) or can be estimated from historical records (such as frequency of transfers per year). Asa
samplifying assumption, these transfers are modeled to occur a variousintervals per year and to
continue for an explicit time span inyears. The list of waste generators and generd transfer amountsis
taken from the OWVP (Strode and Boyles 1999). Exceptions to the events planned in OWVP will be
in the sdt well pumping schedule, and the 241- SY-101 mitigation.

Source: Strode and Boyles (1999).

Discussion: During Phase 2, the OWVP (Strode and Boyles 1999) quantifies the waste
receipts into the DSTs from various facilities and sources and projects DST space to aresolution of one
year. Sincetiming of transfersis important for the HTWOS modd, higher resolution is needed to
gpecify the time that the new waste receipts are introduced to the DSTs. Frequency of transfers and the
tanks receiving the waste are determined for modeling purposes from past practice and the waste type
being transferred. The beginning of the specified fisca year will be assumed if no other data are
avaladle.
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A6.13 PHASE 1 IMMOBILIZED LOW-ACTIVITY WASTE PACKAGE PRODUCTION
RATE
Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption Retrieval Seguence/ Blending
X Simplifying/ Model ing Assumption Process Flowsheet
VWP
X HTWOS
DSS Inventory

Text of Item: The private contractor will produce and deliver ILAW packages at a batch-
average rate during the Phase 1 mission. The batch-average ILAW production rates will be based
upon the planned Phase 1 waste feed ddivery and processing schedules for each batch and on ILAW
waste loading (see Section A7.19).

BNFL Inc. has estimated that they will produce, on average, 2.38 ILAW packages every day.
At the maximum production rate, approximately 4 ILAW packages will be produced every day. BNFL
Inc. will store the ILAW packages in lag storage until accepted by DOE.

Deivery of the packages from the private contractors LAW immobilization plants and receipt a
the RPP Disposa Facility will be caculated separatdly from the HTWOS model. The BNFL Inc. in-
plant storage capacity for ILAW packagesin Phase 1is450. It isassumed that BNFL Inc. will
operate the storage area at 50% of capacity. ILAW ddivery dates are based on the HTWOS
estimated production date plus the delay necessary to maintain 225 ILAW packages in BNFL Inc. in-
plant sorage. For Phase 2 the in-plant storage capacity is assumed to be increased to 1,800 ILAW
packages. Thisincreaseis proportiond to the nominal production rates of the Phase 1 and Phase 2
LAW vitrification facilities

Source: Personal communication with Kayle Boomer on February 7, 2000, and persona
communication with Stuart MacKay on January 17, 2000.

Discussion: ILAW package production rates have been estimated and time and motion
studies of package ddivery and transfer into storage were performed as part of the TWRS ILAW
Disposd Facility design. The timing of ILAW package production is being modeled in HTWOS to
provide a flowsheet-based production estimate.

Issue: Shipping schedules from the private contractor will be needed to modd the production
and ddlivery of ILAW packagesiif that degree of accuracy is required.

A6.14 PHASE 1HIGH-LEVEL WASTE CANISTER PRODUCTION

Thisitemis a: That applies to the:
Congtraint HLW Staging Plan
Requirement LLW Staging Plan
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Enabling Assumption Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWVP
X HTWOS
DSS Inventory

Text of Item: BNFL Inc. will produce and ddiver immohilized high-level waste (IHLW)
canigters at a batch-average rate during the Phase 1 misson. The batch-average IHLW canister
production rate will be based upon the planned Phase 1 waste feed ddlivery and processing schedules
for each batch and contractud limits on IHLW loading (see Section A7.13).

BNFL Inc. has estimated that they will produce, on average, approximately one 4.5-mlong by
0.61-m diameter IHLW canigter every 3 - 4 days. At the maximum production rate, approximately 1
canigter will be produced every 2 days. BNFL Inc. will sore the IHLW canigtersin lag storage until
accepted by DOE.

Ddivery of the canigters from the private contractor's HLW immobilization plant and receipt at
the RPP Canister Storage Building (CSB) will be calculated separately from the HTWOS modd. The
BNFL Inc. in-plant storage capacity for IHLW canigtersin Phase 1is45. It isassumed the BNFL Inc.
will operate the storage area at 50% of capacity. ILAW ddivery dates are based on the HTWOS
estimated production date plus the delay necessary to maintain 23 IHLW canigersin BNFL Inc. in-
plant storage. For Phase 2 the in-plant storage capacity is assumed to be increased to 175 IHLW
packages. Thisincreaseis proportiona to the nomina production rates of the Phase 1 and Phase 2
HLW vitrification facilities

Source: Persona communication with Kayle Boomer on February 7, 2000, and persond
communication with Stuart MacKay on January 17, 2000.

Discussion: The maximum canigter handling capecity of the TWRS CSB was estimated at
1.35 canigers per day. The canister handling rate was determined by considering the timing of the
package trangporter from the privatization facilities to the IHLW Storage Facility, as wdl asthe
operation of the unloading system and facility cranes and control systems ingaled in the modified CSB.
A flowsheet-based IHLW canigter production rate is being estimated to verify the Project W-464
handling capacity estimates.

Issue: Shipping schedules from the private contractor will be needed to mode the production
and ddivery of IHLW canigtersif that degree of accuracy is required.

This page intentiondly left blank.
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A7.0 PROCESSCALCULATIONS

A7.1 DENSITY CALCULATIONS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Seguence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
X OWVP
X HTWOS
DSS Inventory

Text of Item: A linear estimation will be used for liquid dendty. The equation is.

n
o]
r=a*+qad

i=1

Where, a, isthe water density, & are component specific constants and C; are concentrationsin
moles/liter. Vaduesfor g aretabulated in Appendix |.

Discussion: Thisdendty esimation technique ignores the fact that partid molar volumes of
components are afunction of concentration. Nevertheless, experience has shown that the calculated
dengty is reasonably accurate over awide range of concentration. Revising the congtantsis
graightforward when warranted by new data. Constants for additional components can be added
eegly.

Issue: The principle shortcoming of this method is that higher-than-possible liquid phase

densities can be ca culated because the method does not recognize when solubility is exceeded.
Unredligtic liquid phase density (typically >1.5 kg/n) should be regarded skeptically.

A7.2 TRANSURANIC CALCULATIONS

Thisitemis a That applies to the:
Congtraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
OWP
X HTWOS
X DSS Inventory

Text of Item: Determination of transuranic content is performed by summing the contributions
of the following radionudides 2’Np, 22Pu, 2°Pu, 2°Pu, 2*Pu, 2Py, 2Pu, **Am, *Am, *Cm, ***Cm,
245Cm 246Cm 248Cm.
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Discussion: Specification 2 invokes radionuclide limitsfor Class C as defined in 10 CFR
61.55 and NRC'’ s Branch Technical Position (NRC 1991): apha-emitting transuranics with >5 year
hdf-life shdl be less than 100 nCi/g in the glass wagte form

Source: RL (1998).

Issue: It can be shown that severd of these nuclides will never be present in an amount
sgnificant enough to affect weste classification and some are not present in the current BBI.
Specification 2 of the contract could be revised to diminate inconsequentid radiologica contributors
(probably ?*Pu, *Cm, #**Cm, 2*Cm).

Issue: DOE Order 435.1 defines TRU as a waste containing apha-emitting isotopes having
half-lives greater than 20 years. The contract relates the term TRU to 10 CFR 61.55. 10 CFR 61.55
does not use the term TRU, but identifies dpha-emitting isotopes having hdf-lives greater than 5 years
asthe bassfor determining waste class. The DOE definition of TRU should be retained and another
term used for the caculation done in accordance with 10 CFR 61.55.

Issue: Indusion of #*Puin the calc isin question because ***Pu is listed separately in Table 1
of 10 CFR 61.55. For thetime being, inclusion of #**Pu gives conservative results.

A7.3 RADIONUCLIDE DECAY CALCULATIONS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: All time dependent andysis (feed staging and retrieval sequence and blending
grategy and HTWOS) will decay radionuclide inventories over time. Equilibrium daughter products
and ingrowth will not be tracked.

Discussion: For internd caculations, dl input and interna inventories and streams will be
decayed to a uniform decay date of January 1, 1994. All inventories and streams will then be decayed
to the time of output or examination per Section 7.4. The 1994 date was selected to match the decay
date of the best-bagsinventory.
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A7.4 DECAY DATESFOR ENVELOPE ASSESSMENTS

Thisitemis a: That applies to the
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWP
HTWOS
DSS Inventory

Text of Item: For planning purposes, the nominal decay date for radionuclides for envelope
assessment and tank classification will be December 31, 2007. For evauating contract compliance and
HTWOS modeling purposes, radionuclides will be decayed to the feed delivery date.

Discussion: For internd caculaions, dl input and internd inventories and sreams will be
decayed to auniform decay date of January 1, 1994. The nominal decay date for radionuclides of
December 31, 2007, is a conservative decay date for planning purposes.

Source: RL (1998) MOD. A012 Specifications 7 and 8.

A7.5 HEEL COMPOSITION

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
X OWP
X HTWOS
X DSS Inventory

Text of Item: The liquid and/or solid heds remaining in DSTs are assumed to have the
composition of the corresponding phase last present in that tank.

A7.6 TRANSFER LINE FLUSHES

Thisitemis a That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
DSS Inventory

Text of Item: Transfers between BNFL, Inc. and DOE are aways followed by aflush of
water adjusted to 0.01M NaOH and 0.011M NaNO,. Theflushisinitiated by the party making the
trandfer. Table A-14 summarizes how HTWOS currently accounts for flushes. Note that SST to DST
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flushes are proportiond to volume. HTWOS does not currently flush from DSTs to BNFL Inc.

Table A-14. Waste Transfer Fush Volumes.

Hush volume
Trandfer type ingel
Cross-Ste 24,000
Northwest Quadrant WRF to West area cross-ste transfer tank 6,000
Northeast Quadrant WRF to Receiving tank 7,500
U Farm WRF to West area cross-dte transfer tank 500
East Area DST to DST or DST to LAW feed staging tank transfer 500
From SST to BNFL (SWL) Vaidde
DST to BNFL Currently zero

Source: Phase 2 volumes are generic estimates for areato areatransfersin Memorandum

from C. E. Grenard to D. L. Penwell dated January 21, 1997.

Discussion: Phase 1 transfers are based on the rule of thumb that durries require two line
volumes and liquids require one line volume. LAW feed from DOE is flushed with asingle line volume

(ICD-19 dlows up to three line volumes). HLW feed from DOE is flushed with two line volumes
(ICD-20 dlows up to three line volumes). Line flushes are modeled to approximate the impact on

Space requirements.

The volume of typicd transfer line flushes for Phase 1B is shown in Table A-15.

Table A-15. Phase 1 Wagte Transfer Flush VVolumes.

Transfer type Fush volume

From 241-AZ-101 to BNFL, Inc.

. 13.7 m?® (3620 gd)
(1.9 n?® drains back to 241-AZ-101)
From 241-AZ- 102 to BNFL, Inc. 142 1P (3750 gdl)
(2.1 m? drains back to 241-AZ-102)
From 241-AN-102 to 241-AP-104" 2.82 n* (750 gal)
From 241-AN-103 to 241-AP-104" 2.78 n’ (730 gdl)
From 241-AN-104 to 241-AP-104" 2.29 n’ (600 gal)
From 241-AN-105 to 241-AP-104" 2.77 v’ (730 gal)
From 241-AN-107 to 241-AP-104" 2.92 (770 gal)

*For the LAW transfers from source tanksto 241-AP-104 it is assumed the most direct routing

that isavailable, one line volume of flush, and it all drains back to the source tank.
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The sources of information for the Phase 1 assumption are ICD-16, ICD-19, and 1CD-20.
Actua Phase 1 volumes were caculated from pipeline dimensons by R. Orme.

Discussion: Thevolume of available tank space will be affected by the line flushes, therefore
their effect will be estimated.

Note: The OWVP (Strode and Boyles 1999) and HTWOS account for line flushing

differently.

Flushing in the OWV P (Strode and Boyles 1999) is handled in a variety of ways. The
only flush with afixed volumeis after across-gte transfer. New waste from facilitiesis
flushed with a percentage of the waste volume. Day-to-day intertank transfers are
flushed with a generic monthly volume that covers dl the trandfers for the month. There
are generic flush volumes associated with evaporator operations.

As discussed above, flushing in the HTWOS modd is with afixed volume after each
pipeline transfer (except after SST to DST transfer). This gives an estimate thet is
based upon the estimated number of transfers, rather than a more generic guess a what
is needed per month to cover flushesfor trandfers. The tota flush volumes for the two
methods should be in the same generd volume range.

A7.7 PHASE 1B LOW-ACTIVITY WASTE MASS-BALANCE AND SOLID-LIQUID
EQUILIBRIA CALCULATIONS

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
OWP
HTWOS
DSS Inventory

Text of Item: During retrievd and staging of LAW feed during Phase 1B, the following
methodology will be used:

1.

Solid-Liquid equilibriawill be ignored when mixing waste with other wadte, i.e., mixing
waste does not induce precipitation.

Before trander, retrieved waste will be diluted to 7M [Na] so that the bulk composition
isbelow saturation in mgjor sodium sats and so its bulk SpG satidfies the rule in Section
A3.2.

Additionsof NaOH and NaNO, to meet tank composition requirements of Tank Farm
Operating Specification OSD-T-151-00007 are modeled in HTWOS only for two
tanks that are known to be out of specification, 241-AN-102 and 241-AN-107.
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Discussion: The solubility of Al isafunction of [OHT] and totd ionic strength. For the Al-Na-
OH-H,0 system, maximum Al solubility occurs when [OH] is about 6M. When other sodium sdlts are
present at maximum ionic drength, asin tank waste, maximum Al solubility occurs at about 2M OH'.
Dilution of duminum containing solutions with water may precipitate gibbste.

Source: Barney (1976).

Discussion: When two samples of waste from tank 241-AW-101 were diluted 1:1
(water:waste) about 95 percent of the strontium precipitated. Thisis an example of solid-liquid
equilibriaof aminor component that violates the above “no precipitation” rule.

Source: Bray (1989).

Discussion: Under some circumstances, changing the pH of aretrieved waste can cause
precipitation. Also, under some circumstances, mixing two wastes of different composition can cause
precipitation. Low solubility double sdts are responsible for the phenomenon. The HTWOS modd
currently lacks the cgpability to identify Stuations where there is a potentia for precipitation.

Source: Ron Orme.

Discussion: Specification 7 requires dl feed to meet Tank Farm Operating Specification
OSD-T-151-00007, however, an exception is granted for free hydroxide. The tank composition
specification contains terms for [OH], [NO,], and [OH]+[NO;], so if [OH] is exempted, only
additions of NO,” would be required to meet specification. The in-growth of NO," in most tanksis
more than sufficient to cover the requirement.

Issue: ORP and BNFL Inc. negotiated Specification 7, but it isn't clear that CHG Technical
Operations has agreed. TO may be expected by Ecology to observe dl the terms of the operating
Specification.

Discussion: A better understanding of solid-liquid equilibriain thiswaste is needed.
Estimating the quantity of solids that precipitate during staging activities is beyond the capability of the
HTWOS modd. Thismay dso influence dilution water requirements (perhaps by requiring the ability to
add caudtic) and the disposition of the solids. Understanding the physicd properties of the diluted waste
isimportant to proper transfer system design and operation as is understanding the dissolution kinetics.

Lacking an integrated method of estimating solid-liquid equilibria, HTWOS cannot ded with the
fallowing in arigorous manner:

Estimation of the dissolution of solids in the durries or entrained in otherwise clear
supernate as a function of dilution water.
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Edtimation of the precipitation of solids due to dilution during retrieva or dueto in-line
dilution during trandfer.

Egtimation of the degree of saturation of the major waste components as a function of
dilution.

Estimation of the quantity of solids in the waste as-transferred and resultant physica
properties such as SpG and viscosity.

Egtimation of the quantity and composition of solids accumulating in the intermedi ate feed
saging tank.

Estimation of the composition of the supernate in the intermediate feed staging tank to
verify that envelope compliance has not been compromised due to solid-liquid equilibria.

A7.8 ENTRAINED SOLIDS-COMPOSITION

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Seguence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
X OWVP
X HTWOS
X DSS Inventory

Text of Item: The composition of entrained solidsis smilar to the settled solids prior to the
transfers.

Issue: Actuad entrained solids are more than likely a different sort of materia from settled solids

— otherwise they would have settled. Characterization of entrained solidsis difficult because we only
ded with samplesthat have been disturbed, fluffed up, etc.

A7.9 ENTRAINED SOLIDS-QUANTITY ENTRAINED

Thisitemis a: That applies to the:
Congtraint HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying/ Modeling Assumption X Process Flowsheet

X OWVP

X HTWOS

DSS Inventory
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Text of Item: Supernates decanted from LAW tanks contain 0.5 wt% solid phase. LAW
supernate obtained after dissolving sdtswill contain up to 2 wt% solid phase.

Discussion: The Phase 1B contract limit for entrained solidsis 2 wt%. However, the origind
entrainment basi's (Geeting 1995) for supernates indicates 0.1 to 0.8 wt% which has been nomindized
at 0.5 wt% (Orme 1998). The sdt dudge will be vigorousy mobilized during dissolution, so the
contract maximum seems gppropriate for dudge dissolate transfers. To visuaize what a 2 wt% durry
would be like, consider that the 241-AZ-101 durry transfer is only about 4 wt% solids, so 2 wt% isa
very consarvative amount of entrainment that should not be a al difficult to achieve by gravity settling.

BNFL’'s LAW receiving tanks are designed to receive “nonsdttling” solids. They do not have
the capability to resuspend high dengity particles.

During Phase 2, dl retrieved waste is routed to the out-of-tank dudge washing system as durry,
50 the Entrained Solids assumption isirrelevant to Phase 2.

Issue: Experimental dissolutions to predict resdua solids may be mideading if the sampleis
not precisaly representative of the dudge in the tank.

Source: Gesting (1995), Orme (1998).

A7.10 WASTE RETRIEVAL AND TRANSFER CONDITIONS

Thisitemis a That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: Theretrieva and transfer conditions for Phase 2 are given in Table A-16.
Phase 1 feedswill be diluted sufficiently to transfer to BNFL Inc. within transfer systlem condtraints.
Specifics for each tank will be discussed in VVolume |, Chapters 3.0 and 4.0.

Table A-16. Waste Retrieval and Transfer Assumptions.

Parameter Vdue Comment
Maximum wit% solidsin Transfer | 10 wt% based upon the The specific gravity of dry solids
Solution liquid densty isassumed to be 3.0
Maximum Supernatant Na 5M
molarity during wadte transfers
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The values given in this table are based upon available test data and upon current restrictions
associated with transfers.

A7.11 SLUDGE WASH PROCESS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: Water washing is the assumed pretreatment process for dudge from tanks 241-
AZ-101 and 241-AZ-102. Caudtic leaching isthe assumed dudge wash process for waste from all
remaining tanks. No dudge washing occursin conjunction with feed delivery. HTWOS will establish
theinitid solid-liquid splitsin DSTs and that which occursin conjunction with retrieving SSTs (i.e,
establishing the solid-liquid splitsin duiced dudges). All leeching and washing of HLW solids now
occursin BNFL Inc. facilities. For modeling purposes, dudge washing at BNFL Inc. is assumed to
occur at 27.5 wt% solids concentration.

The Phase 2 contractors will utilize their own facilities for out-of-tank (i.e., out of the 28 DSTYS)
dudge washing to pretreat dudge. For modeling purposes, the out- of-tank dudge wash process will be
close coupled to the LAW glass plant. It is modeled as an instantaneous operation o that it is not the
rate-limiting sep. Out-of-tank dudge washing is assumed to occur at 27.5 wt% solids concentration.

Source: Saathaug et d. (1996).

A7.12 SLUDGE WASH FACTORS

That applies to the:

Thisitemisa:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: Tank specific wash and leach factors for use with the BBI are available in Best
Basis Wash and Leach Factor Analysis (Hendrickson et al. 1999).

Discussion: The Best Basis Wash and Leach Factor Analysis (Hendrickson et a. 1999)
culminates a year-long effort to digest dl available leach and wash data, and to supplement lab datawith
chemica modding results where data are absent. Factors for each of the 177 tanks were devel oped.
Tank specific leach factors are used for waste from Phase 1 HLW tanks only. Phase 2 uses globd
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leach factors.

A7.13 PHASE 1B AND 2IMMOBILIZED HIGH-LEVEL WASTE COMPOSITION AND

VOLUME
Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: The method for estimating HLW glasswill be the same for both Phase 1 and
Phase 2. Two estimates of HLW glass volume and composition will be made. These estimates can
roughly be considered as bounding.

The estimates are as follows;

1. A volume and composition based on the maximum waste oxide |oading determined within
the glass property modd congtraints.

2. A maximized volume based on Component Limits from Specification 1, Table TS-1.1 of
the TWRS Privatization Contract.

Source: RL (1998) MOD. A006 (1998), as amended.

Discussion: The FY 2000 MY WP Update Guidance states that the glass properties mode is
to be used for estimating the amount of glassfor both Phase 1 and Phase 2. The planning for retrieva
and feed staging should be based upon an estimate of the minimum amount of glass that may be
produced and takes the least amount of time to process. Maximizing the waste oxide loading in the glass
through use of the glass property mode provides that estimate. The BNFL contract limits result in an
estimate of the maximum amount of glass that may be produced, and takes the longest time to process.
Thisedtimate is the proper estimate to use for planning associated with the amount of immobilized
storage needed.

Text of Item: The maximum glass volume that BNFL Inc. may produce is determined by the
minimum component limitsin Table TS-1.1 when only one component (or sum of components)
concentration exceeds the tabulated value. The volume is cal culated based upon a glass density of
2.66 MT/n?. In addition to being able to estimate the maximum volume of glass using the minimum
component limitsin Table TS-1.1, the maximum volume of glasswill result in the dowest possble
retrieva and feed staging estimates. Therefore, the timing estimates based upon those numbers should
not be used to determine project schedules for feed staging and retrieval.

Source: RL (1998), as amended, Section C, Specification 1.
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Text of Item: For determining the fastest HLW feed scenario, the volume and composition of
immohilized HLW will be estimated by minimizing the amount of material added to the feed subject to
the following property modds. (a) Liquidus temperature model for spinel, second order modd, (b)
Liquidus temperature mode for zirconia, first order modd, (¢) modd for nepheline, (d) Fulcher first-
order viscosity model, and (e) second order mode for 7-day Product Consistency Test (PCT) for Li,
S, Naand B. In addition, each component must be within the range of vadidity for the above property
modes aslisted in Table A-17. The assumed melter temperature, T, will be 1,150 EC.

Table A-17. High-Level Waste Glass Compostion Limits For the

Glass Properties Modd.

Component Minimum, wt% Maximum, wt%
S0, 42.0 57.0
B.Os 5.0 20.0
AlL,O3 0. 17.0
Fe0s 0.5 15.0
ZrO, 0. 13.0
NaO 5.0 20.0
Li,O 1.0 7.0
CaOo 0. 10.0
MgO 0. 8.0
Cr,03 0. 0.5
P.Os 0. 3.0
Other 1.0 10.0

Table A-18. High-Level Waste Glass Property Limits.

Property Units Minimum Maximum
Viscodty @ T=1150EC PajS 4.5 55
Liquidus Temperature EC -none- T-100
Nephdine Normdized SO, 0.62 -none-
Durability g/nt over 7-day PCT interva -none- 2.0

Source: Lambert et a. (1996) and Elliott (1996).
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T.(°C)= é a X

% = mass fraction of component |
X = mass fraction of component |

T, = liquidus temperature in degrees Cesius (T-100)

Table A-19. Second Order Spinel Liquidus Temperature Model Estimated Coefficients.

(Hrma1999) (2 Sheets)

Coefficient i@ntifier for componert Estimated coefficient vaue
equation R?=0.93
A S0, 1010.0
A B,0Os 403.0
A NaO -1736.0
A Li,O -1367.0
A CaO 1757.0
A MgO 3820.0
A FeO3 2685.0
A AlLO3 2866.0
A K.O -980.0
A Cr,0O3 20592.0
A MnO 1312.0
A NiO 9530.0
A Others 3583.0
A TiO, 4925.0
A UsOs 1633.0

T.(O=ab x

(b) FIRST ORDER LIQUIDUSTEMPERATURE MODEL FOR ZIRCONIA
Where X; = mass fraction of component |
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b = coefficient for component |
T, = liquidus temperature in degrees Cesius (T-100)

Table A-20. First Order Liquidus Temperature Modd for Zirconia

Estimated Coefficients.
Component Estimated Coefficient RF = 0.79
S0, 753.78
B.O3 1095.83
AlLO3 1138.06
Fex0Os 1461.04
ZrO, 4541.99
N&aO 74.31
Li,O -956.39
CaO 886.76
MgO 2458.47
Others 657.99

() NEPHELINE LIMIT EQUATION

The key to avoiding the nephdine region isto maintain anormdized SO, content $ 0.62 as
given below.

Nephdine Limit = SO, $ 0.62
SOz + A|203 + NaO

(d) VISCOSITY EQUATION
The Fulcher equation as given beow is used to determine the liquid glass viscosty.

Inh =sum (AsX;) + sum (BeX))/[T - um (T;X;)] (T in EC),
where X; represents the oxide mass fraction of each component and As and Bg and T; are the mode
coefficients (R? = 0.9958). The R? terms are a measure of the Satistical fit, with R? = 1.0 representing a
perfect fit of the Satistica modd to the experimenta data.

Table A-21. Viscosty Modd Coefficients.

Fulcher Firg-Order Viscosity Modd Coefficients A, B, and T;.
Vaidde Codfficient Codfficient Edimate
SO, A -10.5899
B.O3 A -24.4127
AlLOs A 1.4998
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Table A-21. Viscosty Modd Coefficients.

Fulcher Firs-Order Viscosty Mode Coefficients A, B, and T;.

Vaiadle Coefficient Coefficent Edimate
Fe,O3 A -13.6326
ZrO, A -0.3590
NaO A 2.02
Li,O A 5.4558
CaO A 3.9535
MgO A 5.3088
Others A -2.3815
SO, B 19236.3263
B.O; B 15922.8410
AlLO3 B 9524.4388
Fe,0O3 B 14599.3344
ZrO, B 4618.1457
NaO B -12965.4177
Li,O B -39177.2042
CaO B -18671.4525
MgO B -11943.9611

Others B 1710.2061
SO, T, 76.1127
B2Os T> 263.4849
AlLO3 Ts 178.5252
Fe;Os Ty 43.6384
ZrO, Ts 540.5086
NaO Te 425.7163
Li,O T, 474.4299
CaO Ts 1065.8248
MgO Ty 752.2421

Others Tio 270.7406

() DURABILITY EQUATION
Thedurability of boroglicate glassisthe property defining radionucliderelease from thewasteform.
Theintrusion of groundwater into and through a geologic repository isthe most likely mechanism
for trangporting radionuclidesinto the biosphere. Thus, it isimportant that nuclear waste glassesbe
gtablein the presence of groundweter over the geologic time scae. The durability can be estimated
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using the equation below.

where:

The coefficients for the equation are based upon a 7-day PCT. The equation is calculated for

Inr; = sum (8X;) + sum (G;XiX;)]

i isthe mass release of dement i (g/nf)
X; represents the oxide mass fraction of each component
& isthe single component coefficient

C;j isthe mixed component coefficient

dlicon, lithium, boron, and sodium.

Table A-22. Coefficients for Second Order Modd of Natura Logarithm of Average 7-Day
Product Congistency Test Normalized Elemental Releases (g/nT). (2 Sheets)

Coefficent |Component(s) |PCT-dlicon [PCT-boron |PCT-lithum |PCT-sodium

a S02 -2.3415 -4.1267 -3.3159 -1.7652
a B203 2.2959 -2.7803 12.4446 -10.4721
a Al203 -28.9796 -39.6897 -37.6244 -32.6424
a Fe203 -5.6296 -0.7342 -5.5866 -2.8512
a Zr02 -17.2431 -21.8129 -10.3597 16.1412
a Na20 17.8263 19.7648 16.385 12.5007
a Li20 18.0258 25.1279 16.9458 7.5967
a Ca0 11.2689 7.8944 20.5631 8.5246
3 MgO -1.7491 -51.2479 12.1879 -17.0361
a Others -2.5487 4.3558 -19.0889 0.7069
Cij Al203-Al1203 96.5647| 105.2815 99.7873 89.9973
Cij Si02-MgO 0  119.5209 0 57.6768
Cij Na20-Zr02 0 70.4225 0 0
Cij Ca0-ZrO2 05.2066| 101.8736 0 0
Cij B203-Ca0 0 -80.9291 -119.825 -96.6209
G Na20-Ca0 0 -90.8996 -120.702 0
Gj MgO-ZrO2 109.7168 146.706 0 0
Cij Na20-Al203 -53.2773 0 0 0
Cij B203-Na20 -40.6487 0 0 0
Cij SI02-Ca0 -43.2976 0 0 0
Cij Li2O-MgO 0 0 165.687 0
Cij MgO-AI203 0 0 -153.562 0
Cij Fe203-Al203 0 0 82.5595 0
Cij Na20-Li20 0 0 0 152.3524
Gj S02-72rO2 0 0 0 -53.2743
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Table A-22. Coefficients for Second Order Modd of Natura Logarithm of Average 7-Day
Product Congistency Test Normalized Elemental Releases (g/nT). (2 Sheets)

Coefficent |Component(s) |PCT-dlicon [PCT-boron |PCT-lithum |PCT-sodium

G Li20-Al203 0 0 0 -86.3851
G B203-B203 0 76.5449 94.9874

o

Discussion: The cited reports develop mathematical models for estimating glass properties.
The models have the capability to formulate glasses with redigtic waste oxide |oading within the

envelope of acceptable glass properties.

Issue: These models may not be applicable to the specific mdter conditions and product
formulations proposed by the private contractor during Phase 1. It isimportant that the models predict
the proper trendsin HLW glass volume as a function of feed compositions so that the blending drivers
for Phase 2 are valid.

A7.14 HIGH-LEVEL WASTE SOLIDSRETRIEVAL EFFICIENCIES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption Retrieval Seguence/ Blending

Simplifying/ Modeling Assumption Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: The best available information regarding the solids removd efficiencies for the
DST retrievd systemswill be used. The estimated retrieva efficiencies for HLW tanksin Phase 1 feed
for the various cases evaluated in this document are shown in Table A-23.

Table A-23. High-Leve Waste Solids Retrieva Efficiencies.

Tak Retrieva Tak Retrieva
efficency (%) efficency (%)
241-AW-103 90 241-AZ-102 80
241-AW-104 90 241-C-107 852
241-AY-101 95 241-C-104 852
241-AY-102 64 241-C-106 83
241-AZ-101 90 241-SY-102 80

®Based on projections of 241-C-106 retrieval.
PBased on estimated recovery of 1.52m (5 ft) of dudge and leaving 0.3 m (1 ft) of
hard pan dudge remaining in 241-C-106.

Source: Grams (1995), Crawford (1999), and Carothers et al. (1999).
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Discussion: The actud retrievd efficiencies achieved may vary from the estimated vaue for
each tank. Other retrievd efficiencies may be modeled to evauate proposed scenarios.

A7.15 HIGH-LEVEL WASTE PRETREATMENT PROCESSLEACH SOLUTION

COMPOSITION
Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption Retrieval Sequence/ Blending
Simplifying/ Modeling Assumption Process Flowsheet
OWVP
X HTWOS
DSS Inventory

Text of Item: The following assumptions are made regarding the composition of dudge wash
solutions that will be used by the private contractor during pretreatment of HLW dudge. The HTWOS
model accounts for free hydroxide consumption by stoichiometry of the solid to liquid trangition, adding
aufficient caudtic to cover caugtic consumption and finish with 3M free hydroxide in the leachate. Water
wash steps are conducted with 0.11M NaOH and 0.1M NaNO..

There may be exceptionsto this for specific batches of waste when thereisempirica datato
optimize leaching for that batch.

Source: Orme and Crawford.
Discussion: The water wash conditions trace back to requirements for doing washing in

DSTs BNFL Inc. is now doing the washing within ther facility, so adding this additional sodium needs
to be reconsidered.

A7.16 PRIVATE CONTRACTOR PROCESSCHEMISTRY

Thisitemis a That applies to the:
Constraint HLW Staging Plan
Reguirement LLW Staging Plan
X Enabling Assumption Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
OWP
HTWOS
DSS Inventory

Text of Item: The private contractor's process chemistry will be modeled per the requirements
of the privatization contract, and the associated ICDs.

Source: RL (1998) Mod. A012; BNFL ICDs, see Section A11.1 for alist of the ICDs.

Discussion: The separations required of the private contractor are documented in the
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contract, but the process chemistry within BNFL Inc.’s scope of responsibility to achieve those results
isdtill under development. Limited information is available, but the level of detall isinsufficient to track
the destination of waste componentsin BNFL Inc.’s process, or quantify the amount of materials added
to the system. In BNFL Inc.’s process, results will be estimated within the broad congtraints stated by
the privatization contract and associated |CDs.

A7.17 OUT-OF-TANK SUPERNATE CONDITIONING

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption Retrieval Seguence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
OWVP
X HTWOS
DSS Inventory

Text of Item: Specification 7 prohibits feed delivery operations from transferring feeds that
have a visible separate organic layer. No Phase 1 feed tank is known to have a separate organic layer,
S0 the requirement has no practical ramifications. Some tanks during Phase 2 will have separate organic
liquids. For Phase 2, we assume that the retrieva contractor will have done sufficient characterization of
each tank to determine the presence of an organic liquid. A physical separation occurs early in the
retrieva flowshedt, eg., a the satdllite retrieva facility or DST duice tank, so there is no opportunity for
the organic to contaminate the balance of the feed ddivery sysem. HTWOS does not track the
accumulation or disposition of thisorganic. Itisonly discussed in the text of the RPPOUP.

Discussion: The current DQO for LAW feed (Certa and Jo 1998), which came out before
this requirement was established, will be revised in the near future to demonstrate how the feed ddivery
contractor will comply with the requirement to not transfer organic phases. For Phase 1, the practica
solution is for pump suctions to be positioned below liquid surface so that floating layers will not be
entrained. As noted above, there is no known organic layer in any Phase 1 tank.

Source: RL (1998) MOD. A012 (2000).

A7.18 RADIONUCLIDE SEPARATIONS

Thisitemis a That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: During Phase 1, the HTWOS modd shows that Sr/TRU, Csand Tc are
separated by BNFL Inc. to satisfy Specification 2 concentration requirements for radionuclidesin
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ILAW. In addition to the concentration requirement, BNFL Inc. must remove on average a minimum of
80 percent of the **Tc present in the feed,, which we have interpreted as an overall requirement for
Phase 1. During Phase 2, the HTWOS modd will use the same radionuclide separations.

Source: RL (1998).

A7.19 PHASE 1B AND 2IMMOBILIZED LOW-ACTIVITY WASTE COMPOS TION

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption X Retrieva Sequence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: The HTWOS model for Phase 1 will estimate the volume of glass based on a
number of possible waste loading cases. The firgt case assumes that the contractor will produce a glass
that just meets the minimum NagO |oading recently proposed for Specification2.2.2.2. The second
case assumes that the contractor will achieve ahigher NaO loading. The level of loading is provided
by guidance from BNFL Inc. and is drawn from the current basis that BNFL Inc. isworking from. The
third case assumes the NaO loading provided by the PIO Guidance. The NaO loading in the Phase 1
LAW glassfor al casesis presented in Tables A-26 and A-27. Phase 2 LAW glasswill have aNaO
loading of 20 wt% per Feng (1996). A LAW glass density of 2.66 is assumed based on guidance from
BNFL Inc.

The volume of LAW glassin an ILAW package is assumed to be 2.3 . Thisvaueis based
on the 1.4m x 1.4m x 1.4m container Sze with estimated alowances for interna gussets and contours
within the package shown in ICD-15 and afive percent void space provided for in the contract.

Source: Communication with M. Berry of BNFL Inc. (January 1999), Feng et d. (1996),
personal communication with Kayle Boomer on February 7, 2000.

Discussion: BNFL Inc. hasindicated that they are planning on filling an ILAW package with

6 metric tons of ILAW. This mass corresponds to an 2.23 n® glass volume and a glass dengity of
42,66 MT/n.

Table A-24. Assumed NaO Loadingsin Phase 1 Low-Leve Waste Glass.

Proposed Spec. 2.2.2.2 BNFL Inc. Target PO Guidance—
Envelope minimum NaO Loading, [wt% Na&Q] x Minimum wt% NaO
weight percent [wt% SOs] Loading
Envelope A 14 <5 19.5
Envelope B 5 <8 7.5
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|  EnvelopeC | 10 | <5 | 17.0

Table A-25. Phase 2 Immobilized LowActivity Waste Glass Formulation

Congraints.

Component Concentration Limit
AlLO3 =12 wt%
B.Os =5wt%
Ca0 =4 wWt%
NaO =20 wt%
SO, $ 50 wt%

Table A-26. Key Radionuclide Limitsin Low-Activity Waste and Immoabilized L ow-

Activity Wadte.
LAW Limit ILAW Limit
Radionudlide (Ci/MT LAW Sodium) (Ci/nT)
®Tc 0.25 0.1
05y 50.7 20
Bics 7.60 3

A7.20 HISTORICAL DOUBLE-SHELL TANK VOLUME RECONCILIATION

Thisitemisa That applies to the:
Congtraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
X DSS Inventory

Text of Item: The projected volumes of the DST system as of July 21, 1999, will be
adjusted to agree with the actud historical volumes from Hanlon.

Discussion: The HTWOS mode includes historica transfers that are needed to prepare

projections of the volume and composition of waste in the DST system. Propagation of errors causes
discrepancies between the modeled volumes (both the tota tank volumes and settled solids volume) and
the actual reported volumes. These discrepancies are resolved by adding or subtracting water so that
the modded total volume of each DST matches the reported Hanlon volume. Then the weight percent
to which any solids have settled are adjusted so that the durry volumes agree (keeping the total mass of
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dry solids congtant). This adjustment is aso needed to maintain consistency with the OWVP (Strode
and Boyles 1999).

A7.21 HIGH-LEVEL WASTE--SLUDGE SETTLING DURING STORAGE

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: The solids stored in tanks designated for HLW storage will be assumed to settle
to 20 wt% insoluble solids after 30 days of seitling. There is compacting beyond 20 wt% if timeis
dlowed, but it is not assumed. The solids settling times for compacting beyond 20 wit% in large-scale
operations was recently reported (Maclean 2000).

Source: Bench scae testing with actual tank wastes from tanks 241-S-107 (PNNL-12010),
241-C-106 (Brooks et al. 1997), and 241-C-107 (Brooks et a. 1996) support dudge compaction
beyond 20 wt%.

Issue: Temperature is usudly the limiting factor in storing dudges. The thicker the dudge, the
more resistance there is to conduction. The more resistance there is to conduction, the higher the
equilibrium temperature within the dudge. The alowable depth of settled solids depends primarily on
the sdf-hegting rate. A therma study isrequired to determine alowable depth under different self-
heating conditions.

Issue: Trandfer and consolidation of solids (with the exception of 241-C-106 duicing) isun-

andyzed and not in the Authorization Bass. The activity could affect severa identified accidents or add
new bounding accidents, resulting in additiona Technica Safety Requirement controls.
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A8.0 TANK WASTE INVENTORIESAND COMPOSITIONS

A8.1 INVENTORY AND COMPOSITION BASIS

Thisitemis a That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet

X OWVP

X HTWOS

DSS Inventory

Text of Item: The inventories and compositions used for TFC O& UP will be based on the
January 11, 2000 Best-Basis Inventory (BBI). Thisinventory incorporates waste transfers through
September 30, 1999 with the exception of tanks 241-C-106 and 241-AY -102, which were updated to
Jduly 31, 1999. The feed ddivered to the private contractor during Phase 1 will need to be subtracted
from thisinventory to generate an inventory for Phase 2 processing.

Discussion: The Phase 2 feed for the process flowsheet will be determined by adjusting the
BBI to account for the feed delivered to the private contractor during Phase 1.

Issue: The BBI does not cover al the compositions listed in the contract. An assessment of
appropriate data source(s) to use to supplement the BBI with thisinformation needs to be performed.

A8.2 DOUBLE-SHELL TANK INVENTORY AND COMPOSITION VERSUSTIME

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
X OWVP
X HTWOS
X DSS Inventory

Text of Item: DST inventories and compositions will be adjusted to reflect tank activities
during the misson. Activities include new waste additions and evaporator operation, Phase 1 HLW and
LAW feed staging activities, and SST retrieval. New waste additions after June 1, 2018, were not
modeled.

Source: Strode and Boyles (1999); Carothers et a. (1999).

Discussion: The HTWOS modd will be used to determine the projected DST inventories and
compositions as afunction of time.
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Issue: Projections are subject to change. Generdly, the more complicated the projection, the
more likely it isto change. For example, atatic tank's projection would be as accurate as the starting
inventory, while atank filled with evaporator bottoms from new tank waste (which may be represented
as an average compoasition) will be less certain.

A8.3 CHARGE BALANCES

Thisitemis a: That applies to the:
Congtraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption X Process Flowsheet
X OWP
X HTWOS
X DSS Inventory

Text of Item: The charge baancing features of this HTWOS version have been improved.
Theinitid inventory of each tank layer is balanced on DH'. When wash and leach factors solubilize
metals, an equivdent amount of OH or CO3" dissolves. Therefore, the baance in liquid and solid
phase is maintained.

Discussion: Materid movementsin HTWOS are tracked on the basis of mass only, so an
imbalance of charges does not preclude exercising the model. As noted above, neither phase should be
out of balance unlessthe initid inventory was unbaanced.

Several manipulations of BBI information are required to prepare data files that are compatible
with Environmental Smulation Program (ESP)? moddling, one of which is baancing charges. All
adjusments to the BBI for tank specific modeling purposes are clearly documented in the tank specific
flowshests.

A8.4 RETRIEVED WASTE COMPOSITIONS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Sinplifying/ Modeling Assumption X Process Flowsheet
OWP
X HTWOS
X DSS Inventory

Text of Item: Wadte retrieved from tanks is homogenous. Waste from DSTs may be
retrieved in layers; as supernate, mobilized dudge, or as amobilized sdt layer. Thewastesin SSTsare
retrieved as adurry of the entire tank contents

’ESPis atrademark of OLI Systems, Inc.
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Discussion: Thewastesin the tanks may not be homogeneous. Variationsin stream

composition from gtart to finish are expected. The variation isinconsequentid unlessit islarge enough
to adversdly impact the trandfer.

A85 IN-TANK EVAPORATION OF AZ TANK FARM TANKS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption Retrieval Sequence/ Blending
Smplifying/ Modeling Assumption Process Flowsheet
OWP
X HTWOS
X DSS Inventory

Text of Item: The volumein the aging waste farm should be managed in such away that the
liquid phasein 241-AZ-101 and in 241-AZ-102 is around 5M Naand 3.5M, respectively, & the time
of retrieva. 241-AZ-102 hasto be more dilute because there are more solidsin that tank.

Source: Orme (1999a) and Orme (1999b).

Discussion: Condensates from the aging waste vent system are routed to one of the four aging
waste tanks. Currently, condensates are routed to 241-AZ-102. Then condensates will be routed to
241-AZ-101 unlessthereisachange in plans. What happens after 241- AZ-101 fills hasn't been
determined.

Issue: If 241-AZ-102 continues to be used as arecave, it is possible that the liquids may not
evaporate to the required minimum concentration. A study should examine the options for managing
aging waste condensate, and then recommend a plan to ensure that aging waste liquids are within
specification on their scheduled ddlivery date. Tank 241-AY-102 appears to be a better destination
because duicing uses large amounts of water anyway. The Data Quality Objectives for TWRS
Privatization Phase 1: Tank Waste Transfer Control (Banning 1999) establishes criteriafor waste
transfersinto Phase 1 feed tanks to ensure that Phase 1 feed isn't compromised, but vent system
condensates apparently aren’t considered awaste transfer.
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A9.0 PHASE 1B INTERFACES

This section addresses Phase 1B interfaces with the exception of certain inputs to the private
contractor addressed elsewhere. The exceptions are the LAW Feed, HLW Feed and Waste Feed
Tanks, and Feed Delivery all addressed in Section A5.0, and Feed Compositions and Section A4.0.
The interfaces in this section are needed to estimate DST tank space demands or affect the mass
balancesin the TWRS Privatization Process Flowsheet.

A9.1 PHASE 1B MODELED INTERFACES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet

X OWVP

X HTWOS

DSS Inventory

Text of Item: Table A-27 identifies al the documents describing the interfaces between the
DOE-RL and the private contractor. An"X" in the Modeled column indicates that interface is modeled
in HTWOS and tracked in the mass balances.

The highest priority interfaces addressed in TFC O& UP are 14, 15, 16, 19, and 20. BNFL
Inc. isthe HLW/LAW contractor, so interfaces for cesum and technetium intermediate product are no
longer relevant. Additional interfaces that pertain to the material balance (1 and 6) or the contractor's
radioactive solid wastes (3 and 13) are discussed to the extent that information is available.

Table A-27. Interface Control Documents. (2 Sheets)
Number Title Modeled

1 Raw Water X
Potable Water
Radioactive Solid Wastes
Dangerous Wastes

gl bW

Nontradioactive, Non-dangerous Liquid X
Effluents

Radioactive, Dangerous Liquid Effluents X
NonDangerous Solid Wastes
Liquid Sanitary Wastes

O | N|lO®

Land for Siting
10 Deectivated Facility and Site

A-80



HNF-SD-WM-SP-012

Revison 2
Table A-27. Interface Control Documents. (2 Sheets)
Number Title Modeed
11 Electricity
12 Roads
13 Reserved
14 Immobilized High-Level Waste X
15 Immobilized Low-Activity Waste X
16 Entrained Solids X
17 Reserved
18 Reserved
19 Low-Activity Waste Feed X
20 High-Level Waste Feed X
21 Reserved
22 Air Emissons
23 Wadte Treatability Samples
24 Reserved
25 Emergency Response
26 Permits
Source: RL (1998), as amended.
A9.2 PHASE 1B RETURNSTO DOUBLE-SHELL TANK SYSTEM
Thisitemis a: That applies to the:
Congtraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
X QWP
X HTWOS
DSS Inventory

Text of Item: BNFL Inc. will not return entrained solids to the DST system.

Source: Taylor (1999), PIO (2000).

Discussion: The private contractor could return an "Entrained Solids' product that satisfies
| CD-16 and Specification 3 or process the entrained solids and incorporate them into ILAW or IHLW

as appropriate.
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Issue: The entrained solids find digpogtion has not been determined.

A9.3 DISTRIBUTION OF LOW-ACTIVITY WASTE INTERMEDIATE STREAMS

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption Retrieval Seguence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWVP
X HTWOS
DSS Inventory

Text of Item: For Phase 1, the radionuclides separated from LAW, including strontium and
manganese precipitates, will be blended in the next available HLW pretreated feed batch. However,
entrained solids are accumulated until Phase 2 processing. For Phase 1B, &fter the early pretreatment
phase and for Phase 2, LAW intermediate waste product streams resulting from LAW processing (Cs,
Tc, S, TRU, and entrained solids) will be blended in the next available HLW pretrested feed batches
to immobilization.

Source: Ormeet d. (1996) and PIO (2000).

Discussion: Thissmplification is necessary since detailed flowsheet and processinformation is
not available.

Issue: The projected composition(s) of the LAW intermediate waste streams will not be
accurate until information of the private contractor's separation process is known. Additiondly, this
assumption may introduce timing problemsin that the HLW feed is expected to be used up prior to
completion of LAW processing.

A9.4 PHASE 1B HIGH-LEVEL WASTE FEED STAGING INTERFACE

Thisitemis a That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: The HLW feed batches will be transferred directly from the 241-AZ-101 or
241-AZ-102, 241-AY-102, 241-AY-101, or 241-AW-104 to the private contractor’ s facility.
through a point of connection at the BNFL site boundary.

Source: 1CD 20.

A-82



HNF-SD-WM-SP-012
Revison 2

This page intentiondly left blank.

A-83



HNF-SD-WM-SP-012
Revison 2

A10.0 PHASE 2INTERFACES

A10.1 LIQUID EFFLUENTSTO THE TANK FARMS

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption Retrieval Seguence/ Blending
Simplifying / Modeling Assumption X Process Flowsheet
OWVP
HTWOS
DSS Inventory

Text of Item: No radioactive liquid effluents from Phase 2 private plants will be discharged to
the tank farms even though the FY 1999 MY PP dlows such discharges until through 2024. Liquid
effluents will recaive sufficient trestment to be accepted at the Effluent Trestment Fecility (ETF).

Source: Ron Orme; Thereis no contractud guidance available for Phase 2.
Discussion: Theimplication of the MY PP is that the Phase 2 private plants do not have to
have interna capability to treat liquid to ETF and Treated Effluent Disposal Facility (TEDF) feed

specifications at the beginning (2011). Thereis, however, no guidance on how much or how bad the
returns can be before 2024.

A10.2 NEW WASTE RECEIPTS

Thisitemis a That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet

X OWP

X HTWOS

DSS Inventory

Text of Item: Numerous waste transfers are anticipated from various sourcesinto DSTs.
Current waste generators are WESF, B-Plant, PFP, PUREX, S-Fant, T-Plant, TFO, evaporators, 100
Areas, 300/400 Area Labs, and Inactive Miscdlaneous Underground Storage Tanks (IMUSTS).

These transfers are modeled to occur at various intervas per year and to continue for an explicit time
goan inyears. Theligt of waste generators is taken from the OWV P (Strode and Boyles 1999).

Currently avolume only isincluded for the IMUSTs. Specifics of composition will be modeed

as details become available. The requirement for IMUST retrievd isthat the IMUSTs areto be
retrieved with the SSTs from the associated tank farm.

A-84



HNF-SD-WM-SP-012
Revison 2

This page intentiondly left blank.

A-85



HNF-SD-WM-SP-012
Revison 2

A11.0 ARCHITECTURE

Al1l1.1 PHASE 1B PRIVATIZATION SERVICES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying / Modeling Assumption X Process Flowsheet

X OWVP

X HTWOS

DSS Inventory

Text of Item: BNFL Inc. will provide both LAW and HLW servicesin Phase 1. BNFL Inc.
will process the contract minimum order quantities and the contract will be modified to include an
extended order quantity.

Source: RL (1998) MOD. A012.
Issue: Reduction in the assumed services or amount of waste processed may have significant

impacts on thetiming of SST retrieva or other activitiesthat require DST space during Phase 1 or early
Phase 2.

Al11.2 PHASE 2 PRIVATIZATION SERVICES

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption X Retrieval Sequence/ Blending
X Simplifying / Modeling Assumption Process Flowsheet
X OWVP
X HTWOS
DSS Inventory

Text of Item: Phase 2 LAW sarvices will be modded as two different facilities. Phase 2
HLW services will be modeled as one expanded facility.

Discussion: Thedirection to have two Phase 2 HLW facilities was not received in time to add
asecond HLW facility to the modd.
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A11.3 WASTE TRANSFER SYSTEM UPGRADES

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

X OWP

X HTWOS

DSS Inventory

Text of Item: The waste transfer system upgrades, intermediate feed staging tank upgrades
and upgrades to the source DST's and the aging waste tanks will be available in time to support staging
of feed for both LAW and the HLW facilities. Current operational need dates are given in Table A-28.

Table A-28. Phase 1 System Upgrade Need Dates.

Tank where sysem isneeded | Operational-need date
AN-101 5/04
AN-102 6/07
AN-103 5/11
AN-104 12/04
AN-105 10/09
AN-107 4/09
AP-101 8/04
AP-102 10/06
AP-104 11/04
AP-105 9/154
AP-106 3/14
AP-108 4/16
AW-101 3/12
AW-103 2/07
AW-104 12/12
AY-101 4/07
AY-102 4/07
AZ-101 12/04
AZ-102 1/05

C-104 4/07
C-107 11/09
S-102 2/13
S-105 5/13
SY-101 11/10
SY-102 9/09
SY-103 11/12
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Source: Drawings RPP-5742 and RPP-5836.

Discussion: Operationa-need dates were established usng RPP Key Planning Assumptions,
projected vitrification processing dates, and project schedule considerations.

Al11.4 NUMBER OF WASTE RETRIEVAL FACILITIES

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

VWP

X HTWOS
DSS Inventory

Text of Item: Three Waste Retrievad Facilities (WRFs) will be required. Oneisrequired for
each of the Northern quadrants, and one is required for the U Tank Farm. Wastes in the Southeast (SE)
quadrant, and Southwest (SW) quadrants (other than the U Tank Farm) can be retrieved directly to
DSTs.

Discussion: For the SW quadrant to be retrieved within a reasonable schedule, waste must be
retrieved from dl three farms smultaneoudy. There are only three DSTsin the southwest quadrant, and
one of them needs to be used as a cross site trandfer tank for waste from the NW quadrant. Therefore,
awade retrieva facility is needed to support timely retrieva of the U Tank Farm wastes.

A11.5 WASTE RETRIEVAL FACILITY AVAILABILITY

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Seguence/ Blending

Simplifying/ Modeling Assumption Process Flowsheet

VWP

X HTWOS
DSS Inventory

Text of Item: The Northern quadrant WRFs are available on 10/1/2011. The U Tank Farm
WREF is available on 1/1/2009.

Discussion: These WRF availability dates were used to back fill DSTs within assumed
equipment congtraints to support completion of processing by 2030.

Source: Acree (1998).

Issue: The SST program was developed using guidance for the unconstrained scenario and
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does not have funding or projects identified to support the 2030 completion date. It is possible that the
schedule for the WRFs could be delayed and that processing could be completed by 2030. Further
analysisis needed to establish need dates for the WRFs.

A11.6 WASTE RETRIEVAL FACILITY CONFIGURATION

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: Each of the WRFswill be modded asfollows,

1. TheWRFsfor the NE and NW quadrants will contain Six tanks with an operating volume
of 568 nT (150,000 gal). The WRF for U Tank Farm will contain two tanks with an
operating volume of 568 nT (150,000 gdl).

2. Each WRF tank may receive waste from 1 SST at any time. See sections A6.1, A6.2,
and A11.5 for more detalls.

3.  Trandfersfrom WRFswill not occur until atotal of 0.568 nT (150,000 gdl) is available to
transfer. (An exception will be upon completion of retrieva of waste from the quadrant
associated with aWRF.)

Issue: The configuration for the WRFs is not known. The modeled configuration is based

upon preliminary information regarding the amount of waste that should be trandferred to limit the flush
solutions to a reasonable volume.

Al1l.7 INTERMEDIATE FEED STAGING TANK UPGRADES

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement X LLW Staging Plan
X Enabling Assumption Retrieval Sequence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
VWP
HTWOS
DSS Inventory

Text of Item: The DSTswill need the following equipment to sage LAW feed to BNFL Inc.:
- A mixer pump
A decant pump (if entrainment of solids is expected to be a problem)
A fixed intake pump if there is no concern about solids entrainment (i.e., the waste contains
less than 2 wt% solids)
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Source: Gabraith and Daling (1997).

A11.8 SLUICING RECEIVER TANK FOR RETRIEVAL OF THE SOUTHEAST
QUADRANT (A, AX, AND C FARMYS)

Thisitemis a: That applies to the:
Constraint X HLW Staging Plan
Requirement LLW Staging Plan
X Enabling Assumption X Retrieval Sequence/ Blending

Simplifying / Modeling Assumption Process Flowsheet

OWP

X HTWOS
DSS Inventory

Text of Item: The current plans are to retrieve 241-C-104 into 241-AY-101 and 241-C-107
into 241-AY-102 using the duicing line ingdled for the 241-C- 106 demondiration retrieval. This
minimizes the cogts for retrieving those tanks. In addition, 241-AY-102 gppearsto be the logica
choice for aduicing receiver for dl of the tanks in that quadrant. Therefore, it will be modded asthe
duicing receiver for the southeast quadrant.

Discussion: The minimum order quantity feed for the Phase 1B HLW facility will not be met
without additiond feed from SSTs. Therefore, an evauation of the waste quality and composition of
selected SSTswas performed. Tank 241-C-104 was selected for providing HLW feed because of the
large quantity of post-washing nonvolatile oxides projected and its composition. The pipelineto
transfer 241-C-106 to 241-AY-102 can be modified at minima cost to dlow the waste from
241-C-104 to beretrieved into 241-AY-101.

A119  SINGLE-SHELL TANK RETRIEVAL ARCHITECTURE

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
Requirement LLW Staging Plan
Enabling Assumption X Retrieval Seguence/ Blending
X Simplifying / Modeling Assumption Process Flowshegt
VWP
X HTWOS
DSS Inventory

Text of Item: Wasteretrieva from SSTswill be modded asif it were done using past practice
duidng.

Discussion: Pagt practice duicing approximates the volume of waste which will be obtained
from hydrauic methods because of the limits on sodium molarity and solids content alowed for transfers
(See Section A7.10). The SST Retrievd program isinvestigating other SST retrieval technologies and
architectures that are expected to perform as well as past practice duicing. Information on the
performance of dternate technologies can be incorporated into the modd as it becomes available.
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Issue: Retrieval architecture has not been determined. Pest practice duicing may not be
appropriate for SSTsthat are known or suspected to have |eaked.

A11.10 RPPIMMOBILIZED LOW-ACTIVITY WASTE DISPOSAL FACILITY
AVAILABILITY

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
X Requirement LLW Staging Plan
Enabling Assumption Retrieval Sequence/Blending
Simplifying / Modeling Assumption Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: BNFL Inc. will deliver the ILAW product in 1.22 m diameter by 2.28 m right
cylindrica packages. The side-wall of each package is 0.343 cm (10 gauge) steel. The containers are
assumed to be filled to 90% of the 2.51 nT interna volume. Assuming that the packages arefilled to
90% of the internal volume, each package will hold 2.23 n of glass.

The ILAW disposd facility will be provided by Project W-520. Congtruction of Project W-
520 is scheduled to be completed September 1, 2007 with the first shipment received in December
2007. The facility conssts of a series of near-surface disposal modules that are constructed on an as-
needed basis. The Phase 1 capacity is 13,366 ILAW packages and the total capacity is 80,196 ILAW
packages. The HTOWS mode has not been congtrained by these limits.

Source: CHG letter # 0000320, Cusak to Poppiti, February 8, 2000, March 8, 2000 PIO
Guidance, DOE letter to Delozier, December 8, 1999, correspondence # LHMC 9958849.

A11.11 RPP CANISTER STORAGE BUILDING AVAILABILITY

Thisitemis a: That applies to the:
Constraint HLW Staging Plan
X Requirement LLW Staging Plan
Enabling Assumption Retrieval Sequence/ Blending
Simplifying / Modeling Assumption Process Flowsheet
OWP
X HTWOS
DSS Inventory

Text of Item: The CSB will be ready on September 1, 2009 to receive and store IHLW
canigers. The maximum Phase 1 IHLW order quantity is 1120 canisters.

Source: PO (2000).

Discussion: Project W-464 will modify vaults 2 and 3 of the CSB to dlow storage of the
HLW packages. Vaults 2 and 3 of the CSB will provide space for 440 tubes that could hold 1,320 of
the 3-m (10-ft) canigters or 880 of the 4.5-m (15-ft) canisters. These canisters can contain IHLW,
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cesum, or non-routine HLW. Other CSB availability dates may be modeled to evaluate proposed
scenarios. Additional IHLW canister storage space will be constructed on an as-needed basis.

Issue: The operationa need dates for the disposd facilities and storage buildings were
established from previous evauations or from the latest programmatic planning. The efforts associated
with the TFC O& UP will predict new need dates for those facilities. Those updated need dates will be
used to develop new project schedules.
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